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PREFACE, 



This short treatise on the Magnetism 
of Iron Vessels was originally prepared 
for a Manual, similar to the English 
Admiralty Manual* of Scientific Enquiry, 
■which the Bureau of Navigation of the 
Navy Department purposed publishing. 

The publication of the Manual having 
been abandoned, the article was con- 
t* buted, by permission of the Bureau of 
Navigation, to Van NbstrancPs Engineer^ 
ing Magazine^ and is now published in 
the Science Series. 

The original object of the article will 
explain its form and characteristics. It 
does not contain any material hitherto 
unpublished, but it was intended to give 
to an officer, previously unacquainted 
with the subject, sufficient information 
to enable him to undertake a series of 



observations which would be of vai 
adding to the general knowledgflB 
snbject, or in studying his ow 
as to avoid miehaps from a | 
'eliance upon uncorrected aomp 
>om unex]]ected changes i 
netic latitudes. 
The large table, giving an ana^n 
parte of the deviation, is < 
new, and, it is believed, makes iliat p 
lion of the Bubject quite clear. 

The treatise is offered to those engi 
n navigation, especially to yachtsid 
and aeientific travelers, as a simple inti 
duction to the subject and a guide !i 
such observations as they may feel c 
posed to undertake. 

F. B. J 
June, 1877. 



TERREST^^^AL M/GNETISM 



AND 



THE MAGNETISM OF IIJON VESSELS. 



1. There are two general mat tors in 
connection with magnetism to whidi the 
attention of those interested in naviga- 
tion may be directed. 

First — Terrestial Magnetism; in wliich 
the seamen is interested on account of 
the action of the magnetic needle and 
its variations. 

Second — the Magnetic Action of the 
Iron composing a portion, or the whole, 
of a ship and its machinery. 

2. The fact that a steel needle magne- 
tized by rubbing with natural magnetic 
iron or loadstone will point towards the 



north pole of the earth was at 

attributed to some attractive power ii 
that directiou drawing the needle towardi 
it. 

The simple experiment however 
floating Buoh a needle upon water wil 
show hy the fact of the needle tnerel] 
SHBuming the usual direction withon 
moving towards the northern boandar 
of the vessel containing it, that the foro 
acting upon the needle, is a directir 
force, not one of attraction for the needl 
as a whole. 

Experiment further shows that if w 
pass a galvanic cuiTent, generated by an; 
of the ordinary batteries, through a c<ri 
of wire, a magnetic needle suspendf 
within this coil will place itself at righ 
angles to the direction of the current. 

It is therefore inferred from this ani 
more elaborate experiments, that thi 
compass needle points to the north u 
obedience to the law which causes it to 
take a position at right angles to cuiTenti 
which are passing around the earth in 
direction nearly parallel to the equator. 



pd from West to East. Whether tbe'^' ' 

Tents are wholly on the surface of the 

1, or partly in the atmosphere, is a 

ftnesdon not yet determined, but Faraday 

Ponaidered that currents in the atmosphere 

t>d«ced by the action of heat upon the 

Jmponent gases which are magnetic 

iies will account for the diurnal vari- 

fcns which are observed, 

I Barlow wound wire round a globe in 

Ijflireotion as nearly as possible that of 

e (Opposed currents as indicated by 

glBervation, and then covering the snr- 

I with the engraved paper of the 

le found that a magnetic needle bus- 

taded over different points of its Bur- 

le acted, while the currents were pass- 

Bg, exactly as the needle does at the 

points upon the surface of the 

i. The hypothesis that the earth is a 
piet just as a sphere of steel might 
^ having two poles. North and South, 
O accounts for most of the phenomena 
served as will he shown when treating 
Ktbe dip, and the two hypotheses have 
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been connected by supposing, as was 
suggested by Ampere, that a magnet 
owes its power to currents which are cir- 
culating around it in planes perpendicu- 
lar to its axis as we have supposed in the 
case of the earth. 

4. For the means of producing electric 
and galvanic currents, the reader is re- 
ferred to any elementary books in which 
the different forms of batterv are de- 
scribed; but it is necessary to notice that 
currents are readily formed by changes 
of temperature, or by the contact of 
bodies of different temperatures. Thus 
the most delicate instrument for com- 
paring temperatures known to the physi- 
cal investigator is Mellon i's thermo -mul- 
tiplier, which consists of a number of 
bars of zinc and antimony so ar- 
ranged that their ends are alternately 
soldered together and placed in a pile, 
the two ends of which may be subjected 
to different degrees of heat. Upon 
bringing any source or reflector of heat 
near one end of the pile, the other retain- 
ing its former temperature, a galvanic 



^^rrent is instantly set up, which being 
Properly conducted away by wires, will 
^lidicate by its action in deflecting a 
Magnetic needle the most minute changes 
ot temperature. 

Such action by the sun upon the earth 
and upon the atmosphere must give rise 
to currents which possibly supply the 
whole magnetic force of the earth, and 
which, at least, manifest themselves in 
those diurnal and periodic variations, 
the determination of which is a part of 
the object of our observations in terres- 
trial magnetism. 

While the larger portion of the varia- 
tion is constant for any one place at a 
given time, there are small parts of it 
which vary continually, and there are 
magnetic storms which, sweeping in a 
regular track, show themselves upon all 
the instruments which are placed upon 
their path. We do not refer to thunder 
storms, but to violent changes of mag- 
netic condition which are only visible 
through their action on the needle. 
Such magnetic disturbances generally 



aceomiiany displays of the Aurcm 
alls, and observations made dnrii 
continuance of remarkable Auroi 
pecially in high latitudes, are inte: 
and imijortant. 

We may compare the constant ] 
the variation to the average he. 
the sea water along a shore — the i 
and periodic part, to the tides re< 
each day and varying with the si 
and the irregular variations to tb 
regular changes in the tides c 
change of wind and the effects 
tant storms. 

5. To whatever causes we maj 
ute the action of the magnetic 
a large number of observations 
quired to furnish the data upon 
the true theory is finally to be ft 
and the numerical value which wi 
as a basis for calculation. 

These observations are at pre. 
rected to the direction of the nt 
different parts of the earth's 
with reference to the true merid 
the geodetic north pole, and t 



I to^ 
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f tbe needle or the direction with ref- 
, horizontal plane, which a 
Mle accurately balanced before being 
gnetized assumea after being magne- 



!n both these cases the ammmt of the 
potive force as well as the position aa- 
ped is to be measured. 

1 force acting upon the needle in 
\ direction of the dip at any given 
, is called the total force of the 
h at that place. 

a other words, the force acting upon 
is needle ia not simply one in 
horizontal plane directing the needle 
VBTds a magnetic pole, but it is a force 
g in an inclined direction, which we 
Bde for practical purposes and for con- 
pence of observation and considera- 
I, by a well-known device in Mechan- 
I into a horizontal component and a 
Cioal component. 

le compass needle being acted upon 

ihiB inclined force, the vertical com- 

^Bt is neutralized by weighting the 

Bpass card near the south end of 



the m 



needle, bo as to keep it hanging in a hfl 
izoBtal posit ion, while the horizont 
component directs it into a. north i 
south position. As is well known, 
vertical component force changes 
value with changes of latitude, and 1 
compass card requires readjustment 
the addition or subtraction of weighty 
the BOuth end to enable it to I 
its horizontal position. 

6. Wo frequently speak in a roo 
way as if the needle pointed to a ( 
tiiict magnetic pole different from ) 
geodetic pole. This is not strio 
true, for there appear to be two noi 
magnetic poles and two south magna 
poles, and the poles of dip > 
places at which the needle stands in 
vertical position, that is with a dip of 9 
do not coincide with the places of ma 
mum intensity of the total force. 

In practice, in latitudes ordinarily v 
ited by the navigator, this complicatii 
of the simple law is not important, eiiu 
the variation at any given place will ha< 
a sufficiently slow and regular rate 
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change to be determined and predicted 
within practical limits. 

This change of variation is caused by 
the change of position of these magnetic 
poles, or, at any rate, by some change of 
condition of the magnetic elements of 
the earth, which alters the position of 
these poles as it does the declination, dip 
and total force at all other places. 

For a more complete consideration of 
this part of the subject, the reader is 
referred to more elaborate treatises on 
terrestrial magnetism. 

1. The direction of the horizontal com- 
ponent can be readily observed, by com- 
paring the direction of the needle with 
that of the true meridian, obtained by 
observations upon the north star, or 
the sun, or by any of the means well 
known to seamen. 

The deviation from the true north line 
is called the variation of the compass, 
and differs in different localities and at 
different periods. It also changes slight- 
ly at the same place during each day, 
giving us the diurnal variation. 
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This is^ howeTer, too small to be of 
prmctical importance to the navigator. 

The TariatioQ is of the atmost import- 
ance, as in some localities ordinarily 
visited by the navigator, it is as great as 
50* to 60", or four to five points to the 
West, ?o that when heading dne North, 
magnetic, the ship will be soling N.E. 
or X.E. bv E. 

The accaracv of the determination of 
thb variation, will depend apon the 
method ased to determine the direction 
of the true meridian, and the means 
used to measore the angle between it 
and the direction of the needle. 

On board ship the variation is asnaUy 
determined by observing the magnetic 
bearing of the son at noon, with an 
azimuth compass^ or if in a harbor, the 
magnetic bearing of some distant object 
such as a building or lighthouse, the 
correct bearing of which from the ship is 
known from a chart. 

Such determination is sufficiently ac- 
curate for ordinary purposes. 

The more careful one with the porta- 
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We declbometer, is described further on 

(II)- 

8. The measure of the intensity of the 
horizontal component is a matter of much 
greater difficulty and requires nice ap- 
paratus and indirect means of obtaining 
the result. 

If a needle which has always the same 
amount of magnetism, is delicately sus- 
pended and deflected a certain number 
of degrees from the magnetic meridian, 
it will oscillate about that meridian, com- 
ing to rest more or less quickly as the 
directive force at the place is greater or 
less; and by using this magnet in differ- 
ent localities the relative force at those 
places can be measured. 

There are however two conditions 
affecting the time of vibration besides 
the force itself, the amount of magnetism 
of the needle and its form and weight 
as affecting its oscillations. 

As we cannot insure the first being 
constant in any needle, and as more than 
one needle must be used, if we wish 
simultaneous observations by different 
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observers, some method of elinunSnl 

these conditioDs must be employed, 

The amount of magnetic force of tl 
needle itself, is determined by n 
ita action upon another needle which Q 
first vibrated under the action of i 
earth alone, and then under the combine^ 
action of the earth and the needle vhoi^ 
power we wish to determine. 

The effect of ita own mass npon tb*i 
vibrations is determined by vibrating it 
first alone, and then with a Icnown weight 
called the inertia ring, and comparing tb 
result. 

The instrument used for these observj 
tiona in the Navy, and in the Survey q 
the Coast of the United States is in e£Ee< 
that designed by Gauss & Weber, aa 
made by Jones of London, with sua 
modifications as have been suggested b| 
its use. Mr. Hilgard, of the Coast So] 
vey, has lately devised an improved foni 
which is much more convenient in pra< 
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DIBECTION OF NEEDLE. 

■^^G portable declinometer, which is 
Qsed to determine the direction of the 
Deeale and the horizontal force, consists 
essentially of a hollow cylindrical magnet 
suspended by a single thread, so that it 
^ tnrn with great freedom. 

This magnet is closed at one end by a 
plane glass plate, on which an arbitrary 
scale is engraved, and at the other by a 
Jens. 

At a distance of eight or ten inches 

from the center of the magnet, and at 

the same height, is a telescope mounted 

so that it can be moved in altitude and 

in azimuth. 

When the telescope is so directed that 
a certain central division of the magnet 
scale determined by experiment, is cut 
by the vertical hair of the telescope, the 
telescope then points in the magnetic 
meridian, and by comparing this direc- 
tion with the direction of true north, 
determined by astronomical observation, 
the declination or variation is determined 
with more accuracy than is obtainable 



with ail aziDiulh compass or an ordmaiy 
earveyor'a Iran sit. 

This same ioetrnment is adapted I 
the determination of the horizootal foro^ 
or tbe foroe which, when the magnet i 
deflected from its position in the taag< 
netio meridian, acts to bring it back to 
that position. 

If the needle la thus deflected and thea 
permitted to awing, it will vibrate until.^^ 
it comes to rest in the magnetic meridian^ 
and it will vibrate with greater or lesi 
rapidity as the force drawing it into poi 
sition is more or less strong. 

But the rapidity of vibration will de> 
peiidjwith the same horizontal force, npoQ 
the niaguetism of the magnet itself anfi 
this must be determined in order thsfc 
we may compare experiments made with 
differentmagnets. 

Td do this the magnet observed upon, 
is dismounted and another substituted L 
the anspenslon, and the original one ie 
placed at a measured distance usually 
from one and a-half to two feet from the 
suspended magnet in a line at right 
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angles to the meridian. This magnet 
produces a deflection in the suspended 
magnet proportional to its own magnetic 
force and thus this force can be measured. 
This experiment is repeated with the 
magnet at different distances. 

By making observations then with the 
original magnet suspended, the horizon- 
tal force at the station is determined 
without reference to the charge of the 
magnet itself. 

There is still the inertia of the vibrat- 
ing magnet to be eliminated, and this is 
determined by comparing its vibrations, 
when loaded with a brass ring of known 
weight, with its vibrations when un- 
loaded. 

10. The details of arrangement of the 
declinometer are as follows. As the 
magnet must be shielded from the action 
of the wind it swings in a wooden box 
4^ inches long, 2 inches broad and 2 
inches deep, from the top of which a 
glass tube 8 inches high and A inch di- 
ameter rises, opening into the box at its 
lower end. On the top of this tube is a 
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brass cap capable of being turoed aroun<L 
upon its mounting and so graduated on- 
its edge that the amount by which it is. 
turned may be measured. Through the 
center of this cap passes the pin ta 
the lower end of which the suspensioa 
thread is fastened and this pin can be 
moved vertically by means of a rack and 
pinion so as to raise or lower the magnet. 
Suspended from this pin by an untwisted 
thread of silk fibre, made of as few fila- 
ments as possible, is an open brass stirrup 
or cage which receives the magnet. 

The magnets, of which there are two, 
are hollow steel cylinders of ^ outside 
and 1^ inside diameters and 3.15 and 
3.85 inches in length with a lens at one 
end and a plane glass at the other on 
which a fine scale is engraved. 

The lens is usually in the north end 
of the magnet and the scale in the south 
end. These magnets are called collima- 
tor magnets; some of the other forms pf 
instruments have solid magnets, which 
carry a small mirror to reflect a scale 
placed on the telescope. In this case 
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the telescope must be one of short focus, 
while with collimator magnets the ordin- 
ary theodolite telescope can be used; 
the lens in the magnet being arranged to 
give distinct definition of the scale with 
snch a telescope. 

A solid brass weight of the same form 
and diameter as the magnets is also pro- 
vided. 

The box in which the magnet swings 
is provided with three levelling foot 
screws and with a screw by whicli it is 
made fast to the top of the wooden 
table on which it rests, which table is in 
turn supported by a tripod from the 
ground. 

The table is sufficiently wide to hold 
the magnet box, and sufficiently long to 
take upon it the telescope at a distance 
of eight or ten inches from the center of 
suspension of the magnet. 

The telescope used is in fact an ordi- 
nary small theodolite (about a ^ve inch 
circle), which permits the telescope to 
have a motion in azimuth and altitude. 
It should be finely divided and have 



two verniers to the horizontal limb. 

is screwed on to the table in the prop^x* 

position. 

The magnet box has small windows ii3 
the ends of plate glass with parallel 
faces through which the magnet is ob- 
served. 

A wooden rod about four feet long is 
so arranged as to be screwed to the bot- 
tom of the magnet box and carries, 
sliding upon it, carriages to receive the 
deflecting magnet and to hold it at a 
given distance from the suspended mag- 
net and at the same height. Wooden 
blocks to fit into the magnet box on the 
sides of the magnet to hold it firm, a 
brass inertia ring, plummet, copper damp- 
er for calming the vibrations of the 
magnet, screw driver, thermoiaeter, 
pocket compass, spare screws, spool of 
silk fiber, cement, a small circular mir- 
ror which fits into the end of the magnet 
box and sometimes a small lamp, com- 
plete the apparatus. 

1 1 . Observations with portable declino- 
meter for declination (variation) and 
horizontal intensity. 
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The object is first to determine the di- 
wction of the magnetic meridian with 
reference to the true meridian. This is 
• matter of observation and not of cal- 
culation. 

Secondly — ^To determine the relative 
proportions of the force of the earth and 

Of the magnet employed, or -, and the 

product of m and x or mx^ m represent- 
Mig the magnetic moment of the magnet, 
^ the horizontal component of the earth's 
force. 

Fromma;=a and -=ft, we will have 

X 

w=-and m=&c, -^bx or «'=-. 
z ^ X a 

And the value of m can be obtained 
in a similar way. 

Set up the tripod with the plummet 
over the marked point of the station, 
fasten the wooden table upon it with its 
larger dimension north and south, the 
magnet box end towards the south, for 
magnets which have the scale in the 
south end, level it as nearly as possible, 
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then fix the magnet box upon the 
table, screwing it up until the long bri 
spring comes into action. 

By means of the three foot screws 
the magnet box level it; obBcrve whether 
the gl.i99 snapeuBion tube is tight am 
vertical. 

Screw the theodolite into its place am 
level it carefully. 

Tate off the sides of the magnet boj 
remove the wooden stick from the etii 
rup, put the brass bar in the stirrup, ani 
allow it to hang until the twist is takei 
out of the suspension fibers. 

If it is necessary to put in new fiber^ 
be sure that they are all equally stretch 
ed, BO as to bear the weight and use i 
more than are necessary to snstain tl 
jnagnet. 

When the bar hangs quietly, turn tl 
upper cap of the glass tube gently unti 
the bar hangs in the magnetic meridiai 
as nearly as can be judged. Replace 
the bar by the magnet, taking cart 
no turn is introduced into the suspensioi 
thread. 
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Direct the light into the south end of 
the magnet by adjusting the circular 
mirror. The magnet will hang in the 
magnetic meridian, and if the sides of 
the magnet box are not parallel with it, 
the table must be turned upon the tripod 
until they are so, after which the levels 
mast be examined and the box and the- 
odolite re-levelled if they are out. The 
magnet must be raised or lowered by the 
rack at the top of the tube and the the- 
odolite adjusted until the scale of the 
magnet is distinctly seen through the 
telescope. The axis of the magnet must 
be now determined. 

Direct the telescope to a division near 
the middle of the scale, clamp it and 
record the reading. Open one side of 
the magnet box, rotate the magnet in its 
stirrup, so that the scale will be inverted, 
read and record. 

Repeat this several times, and the 
mean of the means of the readings will 
be the axial 'division of the scale. Ex- 
ample: 



26 



Scale ( l\'l ll'l I Scale 
^^^^* ( 72:0 83:6 ) ^"^^^^^^ 



71.43 84.2 



77.81 is axial div. of scale. 

Now direct the telescope to this divi- 
sioD, and it will point in the magnetic 
meridian. 

The direction of the astronomical 
meridian passing through the same point 
having been previously determined by 
any of the observations on the sun or 
the north star familiar to navigators, 
and marked, the angular difference be- 
tween those two directions will be the 
declination or variation. 

Note — After putting the magnet into 
the stiiTup, it may be steadied and 
brought to rest by the wooden block 
which is made to fit into the magnet 
box. After the box is closed, the vibra- 
tions may be calmed, and the magnet 
brought to rest by the use of the screw 
driver which accompanies the apparatus, 
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and which is generally magnetized so as 
to have its point a north pole. 

Holding this in the hand on either side 
of the magnet hox, while looking through 
the telescope, a very little practice will 
enable the observer to regulate the vibra- 
tions of the needle with great facility. 

12. OBSERVATION POE HORIZONTAL IN- 
TENSITY. 

Put in the block to keep the magnet 
steady and to prevent a twist being in- 
troduced into the thread. Take off the 
magnet box, and screw the long deflec- 
tion rod to its place under the box, re- 
place the box, and the rod will extend to 
the E. & W. on both sides. Place the 
magnet carriages upon the rod. Place 
the magnet with which the vibration ex- 
periments are to be made, the longer one 
upon the West carriage with its North 
end to the West, and at a given distance 
from the center of suspension of the mag- 
net. 

Suspend the other magnet in the stir- 
rup, taking care that it is at the same 



beight as the deflecting magnet. If the 
BUBpended magnet knot horizontal, slide 
the brass ring upon it to adjust it. 

Note the time and the temperature, 
(see form of record, Form I), then note 
the scale reading. Aa the magnet will 
not come absolutely to reat in a reasona- 
ble time, you must read the divisions to 
which it swings to the right and left, and 
their mean will be the tinie reading as in 

Form I, line? 152.5 157.5 Mean=155.0 
and line 8 32.0 33.5 " =32.75 



Kevsrse the deflecting magnet i 
carriage, so that its north end will 1 
east. The suspended magnet will n 
towards the other end of its scale. 
Read and record aa before, 32. U 33.5 
Reverse again, record and reverse^ 
and there will thus be two readings fi 
each position of the magnet. The di 
ference between the means of these obtB 
servattons will be the angular distanoeS 
through which the magnet is deflected. I 
Form I, line 11. 
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Now place the deflecting magnet in 
the carriage, which is to the east of the 
suspended magnet, and observe and 
record as before, recording the tempera- 
ture at the end of the observations. 

The mean of the two differences thus 
obtained: 

Ex. Form I, line 11, 122.17 

line 16, 128.4 



line 17, 125.28 is =2^^^ 

a quantity which enters into the formula 
to be described. 

It is twice the deflection to either side 
of the magnetic meridian measured in 
divisions of the magnet scale. To de- 
termine the value of V, the effect which 
90° of torsion in the suspending thread 
has upon the direction of the magnet, 
the following observation must be made: 

The magnet being at rest, read and 
record the torsion circle at the top of the 
suspension tube, and read the scale of 
the magnet (line 19, Form I, 275" 40', 
80.2). Turn the torsion circle through 
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increasing, viz., froa 

275° 40' to 365° 40' (275''40' + 90*= 
365° 40'), read scale and record, {line 2(1] 
Turn circle back ISO" (viz. to 185° 40' 
read and record (line 21) turn again & 
original position {line 22), 

Take the diiferenceB and the mean wi 
be the value of V in scale divisions. 

The middle difference recorded (bi 
tween lines 20 and 21), is due to 
not to 90°, and we must therefore divid 
the sura of the differences 0,7+13.94-7. 
=27.6 by 4 to get the mean for 90'=fl,l 

These scale divisions being arbitral 
we mnst have their value in minutes < 
arc. This value is constant for the 
magnet and same instrument, but if anj 
changes are made, it must be re-determ- 
ined. 

To determine it, bring the magnet to 
rest, and turn the telescope until It points 
to a division near one end of the scale, 
clamp all fast and read the scale ani 
the verniers of the theodolite, unclamj 
the upper screw of the theodolite am 
turn the telescope towards the other enct' 
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of the scale, read scale and verniers. 
The number of minutes passed over by 
the theodolite, divided by the number of 
scale divisions passed over, will give the 
value of one scale division in mmutes. 

Example : 

Theod. readings. Scale readings. 
62° 55' 124.6 119.0 mean=121.8 

67 34 28.1 21.7 " = 24.9 

4" 39'=2'79' diff. 96.9 

Q7Q' 

^=2'879=1 sc. div. 
96.9 

• 

The value of V (line 25, Form I) is got 
by multiplying 6.9 scale division by 
2'. 879 to bring it to minutes of arc. 

It will be desirable to repeat these ob- 
servations with the deflecting magnet at 
a different distance, as for instance, 1.5 
feet instead of 2 feet, as in Form I, r=2 
feet, so as to be able to combine the ob- 
servations. 

Now having the value of u^ in scale 
divisions (line 19, 62.64), we reduce it to 
minutes of arc, applying the small cor- 
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H 
rection 1 + t^ obtained from observations 

for torsion, line 28, getting a value of 
2/ = 3°l'.01. 

Now m, the magnetic moment of the 
magnet, is to X, the horizontal force of 
the earth, as 1 is to the tangent of w, 
multiplied by one-half the cube of the 
distance of the deflecting magnet, or 

— =tan. u — , and, in Form I, performing 

7)X 

this operation, we get — =0.2108 as the 

JO 

ratio of the magnetic moment of the 
magnet to the earth's force. 

The tangent of u enters into this for- 
mula instead of the sine, because the de- 
flecting magnet is at right angles to the 
magnetic meridian, and not to the mag- 
net itself, when it is deflected. 

13. An improved instrument, the 
Theodolite Magnetometer, is coming into 
use, in which the divided circle is under 
the magnet box, and the reading tele- 
scope is attached to the magnet box, as 
are the arms which carry the deflecting 
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magnet, so that the deflecting magnet is 
always at right angles to the axis of the 
saspended magnet when the telescope 
points to the axial division, and the 
amount of deflection is measured on the 
circle directly in degrees and minutes. 
As in this case we are no longer limited 
to the length of the scale in the magnet, 
the deflecting magnet may be used at 
short distances, and the deflection ic in- 
creased to a considerable amount, say 
15° to 18°, instead of 3° as in Form I, 
thus adding to the accuracy of the re- 
sults. 

The objection to the apparatus as a 
portable one is, that it cannot be made 
useful for general surveying purposes as 
can the theodolite of the instrument de- 
scribed, and where the means of trans- 
portation are limited, this is a matter of 
some importance. 

As generally made, the Theodolite 
Magnetometer is not well adapted for 
determining declination, but an improved 
form designed by Mr. Hilgard, of the 
IT. S. Coast Survey, is so arranged as to 



obviate that difficulty, and to ^ve c 
other advantages over the old iasti 
meats. 

A form (Form II) is given for observa 
tions and computations with this instru^ 
ment. In the computatiouB it will 1 
observed that the sine of u, and not tb 
tangent as before, is used. 

Having now determined the ratio 
m and X, we must get an expression fo 
their product «iX, this product being' 

equal to -—, , tz'K being a oonstant da 

termined by a method which win appet 
further on, and T being the time of 
given number of vibrations of the ma^ 
net which has been used as a defleoto 
when swinging freely under the action i 
the earth alone. 

14. OBSERVATIONS OP VIBKATION. 

To determine T we take off the defle 
ing rod and change the magnets, putti 
that one which was used as the defleotoi 
into the stirrup. 

Bring the magnet to rest, and turtt' 
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the telescope until its vertical hair cuts 
the axial division of the scale. 

By means of the magnetize'd screw- 
driver deflect the magnet about sixty 
minutes (in the case of the instrument 
recorded in Form I, about 20 scale divi- 
sions) to either side of the magnetic 
meridian and wait until it vibrates 
steadily. 

Then enter the time as shown in Form 
m, lines 7, 8, 9, 10, &c., of the 10th, 
20th, 30th, &c., passage of the central 
division over the wire, and again of the 
200th, 210th, 220th, &c., up to 250 
vibrations. Note the temperature at 
begining and end — the thermometer be- 
ing in such a position that it will show 
the temperature of the magnet as nearly 
as possible, and the extreme scale read- 
ings, showing the amplitude of the vibra- 
tions as in columns 4 and 5. 

In column 6 carry out the time of 200 
vibrations, as deduced from the difference 
between and 200. 10 and 210, &c. 

Make observations for torsion and de- 
ll 
termine l + =Fr> exactly as in Form I. 
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Then for calculation, as in Form IV, 
enter the observed time of observations, 
ipply the correction for rate of the 
chronometer used for observing, and thus 
get T'. 

Enter the log of T' in line 9, double it 

for T", apply the correction for 1 + ™ 

from Form III, and the temperature cor- 
rection ! — (;'—() q, which ia obtained 

follows ; 

On the left hand side of the table, q 
(line 10) is a constant representing the 
change of magnetic moment of the mag- 
net for one degree Fuhr. of temperature, 
determined by the maker, or at a perma- 
nent observatory, and given with the in- 
Btrament. (liiddell, page 89),* 



■ Tie tecnpBratiira correctioua majba dolermlnad bj 
9 obBervsF, b; uaing Uie dcBoctlDg mOEDSt iQ 1t8 bar u 
tbe DbservaUoaB tut Farm 1, aaA noting Ute Dhanjte o{ 
rectJoD, cHQBQd by ch&Dga of tflmperatan, jirodacfid 
ftrtlllcl&lLy. 

Tbey iite nanally very amall, and owliig to the dlfflcollj 

of determlDiog tbe exact temperature D( tbe magnel, from 

fact that It le neiei certain that the temperature nf Ibe 

rounalng ^r eren close ta Ibe magnet itself ib tbat of 

magnet, and except in the very accnrala abaeiTatloiii 

of Eied obBorvBlorloB Ibej may be neglected. 
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In the example given, this quantity is 
0.0004. Then t being the temperature of 
the deflecting magnet in the observations 
of deflection which are to be used with 
these observations, and f the tempera- 
ture of the same magnet now suspended, 
the difference (^— <'), in this case 1°, is 
multiplied by the correction for Vyq, 
(line 12, Form IV) and added to or sub- 
tracted from 1, according as it is positive 
or negative (—if f is less than t^ and + 
if it is greater). 

Its log is then entered in the right 
hand column, and the log of T' found by 
adding logs in lines 11, 12, 13. 

From previous investigations 

mx=——-. 7t is 3.14 159. 

K represents the moment of inertia of 
the magnet and its stirrup, the weight of 
which evidently modifies the time of vi- 
brations. 

K is determined by the ftrmula 

V 2 / <"-<' 
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T^wiioh n and r^ are the internal aa< 

external diameters in inches of the braas 
inertia ring and W its weight in graina, 
t' the titae of one vibration of the ma^ 
net with this ring and t without it at i 
certain temperature. 

The log of Ti'K is usually furnished 
the observer with the instrument, but 
may be obtained by a series of 
menta with and without the inertia ring 
the ring being carefully balanced on to] 
of the magnet by aid of the woodei 
blocks which keep the magnet steady. 

Subtracting the log of T' from that p 
jr'K we get the log of mX as in line Ifl 

Taking — from the deflection experi 

ments, referring to the date as in line 10^ 
and adding its log and that of mX, vf 
get the log of m' and consequently d 
m, and then (in line 18) the value of X. 

15, ISCLISATIO:^ OE DIP. 

The inatmments used to detei'mini 
the inclination, are more simple in princi- 
ple than those described, but the observs 



i not always so satisfactory, as 

jhanical difficaltiee of construction 

[apt to give trouble. 

" 6 dip drcle consists easentially of a 

! from sis to ten inches in 

5th, hang upon a small and accurately 

ilied cylindrical axis, and carefully 

inced on that axis so as to stand in- 

ferently in any position. This needle 

ing in the center of a vertical gra- 

d circle, in some very delicate way, 

■erally upon agate planes. The circle 

■canted on levelling screws, and turns 

k small horizontal circle at its base. 

Tien this needle, which is somewhat 

tege shaped and has line points, is 

^etized and placed so that its axis is 

^ht angles to the plane of the mag- 

3 meridian, it will assume the posi- 

I of the inclination, and the circle 

ing been previously levelled by its 

i screws so that the line joining its 

%Tks is vertical, the reading of the 

bt of the needle is the dip, 

I order, however, to eliminate the 

I which may arise from want of 
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perfect balance of the needle, from witl 
of symmetry of form, and from imjH 
feot diviaion of the circle, it is necesaa 
to make observations in different pod 
tions and to take the mean of the r 
ings as tbe result. 

For instance to observe according \ 
Form V. Enter station, date and r 
bers of circle, and of needle, lines 2 sjii i 
Form V. Each needle will be fonnd i 
have one end marked, and we will be^ 
with a needle the marked end of wliid 
lias nortli polarity, that is the marke 
end will dip below the horizon when i 
the circle. 

Place the circle upon the stand or fl 
a firm table, level it by the foot screw 
and raising the V supports of the sX 
by the handle provided for the purpo^ 
hang the needle carefully in the Va la 
its axis, with its marked side towaW 
you, lower it steadily until the axis rest 
on the agates, and then let the Vs dr^ 
below out of the way. 

If the needle rolls out of position, ra.it 
it with the Vs gently and replace i 
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Turn the circle by estimation at right 
angles to the magnetic meridian, and 
the needle will assume an approximately 
vertical position, turn the whole on its 
vertical axis until the upper point of the 
needle is exactly on 90°, record the read- 
ing of the vernier of the horizontal circle, 
then move the vernier of the horizontal 
circle if necessary, until the lower point 
of the needle is at 90°, turn the whole on 
the lower circle through 180° and repeat 
the reading of the upper and lower 
points. 

The mean of these readings will be the 
reading of the lower circle when the 
needle is East and West, and at 90° from 
that reading the needle will be in the 
plane of the magnetic meridian. 

Now, having the marked end dipping, 
the face of the circle, that is the gradu- 
ated side, facing east, and the marked 
side of the needle facing east, enter the 
reading of the south or upper end in 
column S, line 8 (Form V), and of the 
lower end in column N, same line. Take 
out the needle and reverse it, turning the 
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marked face to the west, and read anc 
record both ends, then reverse again 
and repeat the reading, twice, three o: 
four times as may be considered necee 
sary. It will be found that the need! 
will not come exactly to rest very soor 
and it is therefore better to read the d. 
visions between which it vibrates and fl 
take their mean as the reading, as it 
done in the deflection experiments. 

In Form V, lines 8 and 9, and 10 an 
11, these extreme divisions arerecorde< 
tlieir mean being the point at which th 
needle would stand if it had time t 
come to rest, thus the mean 72 14.5 o: 
the four readings is the same as the meai 
of the central reading of the two pair 
8, 9 and 10, 11. This is the best method 
of recording, except for an old observe 
who is very expert at taking out th 
means in his head. 

Turn the circle 180**, face to the Wea 
and repeat the observations as shown 1: 
the right hand side of form V. 

Take the mean as in lines 12, 13, 14 
15. Now take the needle out, lay it up 
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^^ the wooden block provided for the 
Purpose, fasten it down with the brass 
^^^P and reverse its poles making the 
barked end now the south end. 

To do this, place the needle in its block 
^ith its N. pole to your right, take the 
bar magnets which come with the appara- 
^% one in the right hand and the other 
^ the left, that in the right hand with its 
^orth or marked end downwards, that in 
*^e left hand with its south end down- 
wards; rest them on the needle near its 
center and draw them to the points, lift 
^^d replace them near the center and 
Qraw to the points again, repeating this 
'Jiovement half a dozen times. Turn the 
Needle over with its other face up and 
^^^ in the same way. 

The poles of the needle will then be 
'^Versed, that end which has been rub- 
"6<i with the north end of the magnet 
^^ving become the south pole. 

This needle is then replaced in the cir- 
^^6 which has been kept clamped in the 
plane of the magnetic meridian, and the 
®^cond set of observations as recorded in 
^he second part of Form V is made. 



final meao of both mis n tbe 
ChfingiDg the magDetism of ibe needle 
eliminates any error that thu-nr might ba 
ill the mechanical balance of the needles 
Tht-re is still a mechanical »>arce of 
cerlaiiity from the irregularities of 
jiivotB. 

ThiH is obviated by an arrangemenll: 
suggested by 3Ir. Hilgard in which thtf 
pivotH are so attached to the needle that 
they can be turned around and thus ex- 
[lOse different aides to the agates. It is 
hardly necessary to say that great 
must be taken that the pivots are 
dirty or rusty, the magnets roust be kept 
In tlicgvb^x with opposite poles at thi 
Nami! I'Sa and -the soft iron keepers ia 
tliuir [iJnoes, The needles must also be 
I)!Beed in their box with opposit) 
Bt tlie same end. The small divisions on 
whieh thuy rest at each end are usnally 
mndo of MoCt iron and thus serve as 
kcopem. 

10. I'he obNcrvations here described 
having been nmdc and the results record- 
ed thiiy miiy In* plotted upon a chart so 



i 
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as to exhibit the relations between them 
clearly to the eye. 

The observations of declination, (or 
variation) having been plotted in suffi- 
cient numbers a continuous line is drawn 
through all the points of no variation, 
another through those of one degree 
variation, etc., until the chart is filled up. 
These lines, which are called isogenic 
lines, or lines of equal variation, will be 
found to form curves which are extreme- 
ly irregular in their form and distribu- 
tion, but of which, those representing 
Westerly variations cover at this time 
the Atlantic, the Eastern portion of the 
United States and Europe and Africa 
with a small portion of Eastern Asia 
where they come in as closed curves. 

The lines of Easterly variation form 
loops and closed curves in the center of 
the Pacific near the Equator. 

These lines are laid down for every 
degree or for every five or ten degrees 
depending upon the scale of the chart; 
*nd the variation for any position be- 
tween the lines can be obtained by inter- 
polation. 



Tables of the variation are giTl 
the books ou navigation (Bowdil 
Navigator, Table LI). If the lines 
equal dtp are plotted it will be foi 
that they are much more regular t 
those of equal variatioo, and that t 
approximate lo the direction of parall 
of latitude, the line of no dip being n4 
the Equator. 

This line is therefore soraetimea call 
the magnetic equator. North of it, 
north end of tlie needle ppints do 
wards, south of it south end. 

The lines of equ»l horizontal force a 
proximate also to the parallels of It 
tude, but not so nearly as those of eqv 
dip. 

The greatest horizontal force ie m 
the Equator as should be the case en 
if the total force were everywhere co 
Btant, since as the dip decreases the hoi 
zontal component of the force mast i 
crease. 

In addition to the obvious and simp 
use of these ooUectiona of observatifM 
to the navigator they form the basis ' 
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the whole discussion of the magnetic 
condition of the earth, and are therefore 
heing considered with all the refinements 
of mathematical investigation with a 
view of deducing the general laws and 
permitting the computation in advance, 
of changes in the direction and intensity 
of the magnetic force. 

An admirable article upon Terrestrial 
Magnetism by Prof. Joseph Levering, of 
Cambridge, in the American Almanac 
for 1837, is recommended to those who 
^sh a further acquaintance with the 
siibject. 

It is only necessary to suggest to the 
observer that observations made in places 
hitherto little examined are more useful 
*ban those made in well studied locali- 
*^68, and great care and attention should 
"6 bestowed upon such observatioDS. 

17. Before going to the second part of 
^^r subject it will be desirable to call at- 
tention to some properties of artificial 
Magnets. 

Although a magnet may be of any 
'orm, or rather although any piece of 
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iron or steel may be magnetized, we 
shall for the preaeat confine ourselves to 
the consideration of a rod or bar, remem- 
bering that what is called a hoi-seahoe 
magnet is simply a bar so bent that its 
enda are brought near to each other. 

A rod when magnetized, has its fwo 
ends converted into magnetic poles one 
of which points towards the north when 
the rod is freely suspended. This end 
is sometimes called the marked end, 
sometimes the red end and the other the 
unmarked, or the blue end, being thus dii 
tinguished in certain pieces of apparatOl 
18. Wben an iron bar having no inagnaj 
ism is brought very near to one pole c 
a magnet, a temporary state of magnet 
ism of a character opposite to that i 
the pole is induced in it. If the end i 
the soft bar is brought near the norj 
pole of the magnet it becomes tempor 
rily a south pole. If a rod of hard \n 
or steel is so placed the magnetism i 
dnced becomes permanent. 

Thus to magnetize a. steel bar or i 
change its magnetism as in Sec. 15, it 
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louebed, or for the purpose of getting 

pore energetic action, rubbed with a 

gnet, that end which ie rubbed with a 

jorth pole becoming the south pole of 

V magnet, and vice mrsa. 

I 19. Again a bar may be made mag- 

Mtlc hy the action of galvanic currents 

nit, as when it is placed in the cen- 

^ of a coil of wire through which cur- 

bnts from a battery are passing, the 

Ms become poles, the bar permanently 

B magnetism if it is of steel. 

It losing it if it is of iron, as soon as the 

rent ceases or it is withdrawn from 

, Upon the latter phenome- 

n is based the Morse telegraph. 

Mince currents are passing through 

A over the earth continually, a bar will 

Ksiinilarly magnetized by being placed 

I certain positions with reference to 

I, and it is found that a bar placed 

B the plane of the magnetic mcridiau, 

d the direction of the dip, or in other 

fds, in the direction of the total force, 

tecome a magnet, retaining its mag- 

B if of steel, and if of iron, losing it 



m proportion as it is moved into a poa 
tion at right angles to the magneti 
meridian when it retarnsto its ine 
dition. 

This induced magneliam may be ra 
dered stronger if while the bar is in poi 
lion it is violently hammered or shake 
The magnetic distinction between bc 
and hard irons is based only upon tin 
capacity to retain the magnetism impai 
ed to them, and steel may be classed u 
hard iron. U a magnet or compa 
needle is freely suspended and anotlM 
magnet brought near to it, it will I 
found that the opposite poles attnu 
each other and that the similar poll 
pel each other. 

Thus if we approach the north, i 
marked end, of a bar magnet to the noi 
end of the compass needle, that end 
the needle will move away from the 
while it will move towards the bar if 
is revei-sed and the south end present 
This is true of temporary induced n 
netism also, so thut if one end of a 
of soft iron is presented to ihe north 
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of the needle that end of the bar unme- 
diately becomes a south pole by induc- 
tion (18) and attracts the north end of 
the needle. If the same end of the soft 
bar is now presented to the south end of 
the needle, it becomes a north pole by- 
induction and attracts the south end, so 
that soft iron attracts both ends of the 
needle unless some stronger action than 
that of the needle gives it for the time a 
particular magnetism. 

With this short explanation of the 
action of magnets upon each other we 
^ proceed to the consideration of the 
action of the compass on board ship. 

MAGNETISM OF lEON VESSELS. 

20. It has been supposed that the mag- 
netic condition of certain rocks, well 
^own as affecting the action of the 
needle when the compass is used on 
store, would interfere with its action on 
^he water, but although the compasses 
^^ a ship in a dock, surrounded by large 
Masses of iron or moored in very close 
proximity to magnetic rocks, will be 



affected, there is no reason to suppost 
that any rocks act upon the compasa 
at the distance within which vesaeLl 
ordinarily approach the shore. 

A compaBS placed upon a ship buill 
wholly of wood, would be subject onlj 
to the variations which we have con 
eidered, and they are now determine! 
with sufficient accuracy to prevent anj 
danger occurring from their interference 
hut in a vessel, in the construction a 
which iron ia used to a greater or leal 
degree, or in a steam vessel, there are 
disturbances of magnetic condition which 
are of the utmost importance. 

21. In the first place, soft iron without 
any magnetism of its own aSects the 
oompasB (19), since under certain con- 
ditions it becomes temporarily a magnet; 
while iron which has acquired any de- 
gree of magnetism either by position or 
by manipulation acts upon the needle in 
a still more powerful manner. If we 
balance a long needle in such a way that 
It may move freely in both a horizontal 
and a vertical plane, and then magnetizsj 
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it, it will turn into the vertical plane of 
tlie magnetic meridian, and will dip in 
that plane according to the magnetic lati- 
tude of the place of experiment, (16). 

If we suspend a bar of soft iron in the 
same position it will immediately acquire 
Diagnetic force, which it will lose again 
ID proportion as it is moved out of this 
position, (19). In consequence of this, 
iron m a vertical position frequently 
affects the compass to a great extent. 
In the case of TJ. S. Sloop of War, 
Ticonderoga, examined in 1863, the 
standing mizen rigging which was of 
iron wire, acted so powerfully and in 
such a varying manner upon the steering 
compass, which was in a line joining the 
mizen chains, that it was found necessary 
to remove it and substitute hemp rigging 
Wore the compass could be corrected in 
any satisfactory manner. 

In fact all the deck beams and pieces 
of iron in a vessel become magnetic to a 
greater or less extent, and as they change 
a portion of their magnetism with 
changes of position, they act differently 



upon the compass as the ship heads h 
different directions; and as they bIoh'^ 

lose or gain, relatively or absolately, thd 
action cbanges also as time elapses. 

22, As the effect on the compass in, 
snoh eases is the resultant of the action. 
of a large number of pieces of metal in.i 
different positions, the determination of! 
thU eSect must alwayi^ be a matter of 
experiment with each particular veaael 
and for each position on it; but the c 
sideration of the action of certain maaseg 
in a few positions will lead to restdtS' 
that may enable the officer to select tha ■ 
position in the ship which will be most 
free from disturbances, and frequently to 
make such dispositions as may neutraliza 
the peculiarly bad effects 
arrangements. 

It will also enable ua to correct the 
compass empirically, by introducing dis- 
turbing causes which wUl nearly balanoe 
those arising from the material of thd 
vessel. 

S.'i. We must be careful to distinguish 
clearly between variation and deviation. 
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r The variation is the amount by wMdIi 

Ihe compaHH points E or W of the true 

north, by reason of the want of coinci- 

■dence of the magnetic pole with the pole 

»cf the earth (6) the deviation is the 

■ amount by which the compass deviates 

■ irom the fnagnetia North and depends 
■upon the ship's action and position, 

24. lu one aenee we may consider an 
I iron vessel as a magnet which acts upon 
I the needle as the earth does, and the 
I needle will in that case be acted upon by 
I tbe combined forces of the earth and 
I, and will assume a position de- 
I pending upon the mechanical resDltant 
I'Of those forces. 

Thus if the ship is so magnetized that 
I ttiB north end of the needle is attracted 
I toward the bow, and the ship is heading 
1*0 the magnetic North*, the action of the 
I'lhip and the earth being in the same di- 

*tion, the needle will not be disturbed. 

f| now, the ship alters her course, ao as 

■"to head East, the needle will be drawn 



IB Htgnetic Koitb, onlaBa otherwlBe Blsted. 



by- the earth's force toward the NortI 
and, by the ship's force to the East, aa 
must, therefore, assume a position ! 
tween the fiTortli and East, dependio] 
upon the relative amount of the tw 
forces. 

The amount by which the needle i 
drawn from the magnetic North is called i 
the deviation, and in the case which i 
have BOpposed, this deviation will change ■ 
with the azimuth of the ship's head, being- 
zero wheu the head is to the North, and- 
attaining a ma?cimum when the head U 
toward the East or West. 

It is this deviation that we wish to 
study, BO as to be able to predict it, to 
allow for it, or to correct the compasses • 
so as to eliminate it. The action of the 
ship upon the compass is not, howeverj 
BO simple as above supposed. 
2fi, The force of the ship is never exactly 
to the head, but in a direction making 
some angle with the axial line of the 
ship, and therefore, for convenience, we 
divide this force, as we do that of the 
earth, into two components at right 



angles to each other, viz,, the ship's j'i>rce 
to head, and the ship's force to starboard, 
as ab and ae. Fig. 1, ad the resultant 
representing in direction and amount the 
ship's foroe. 




We may also separate the vertical 
component ef the ship's force but we 
shall not consider that at present. 

26. To determine the amount and 
direction of the ship's horizontal force, 
any compass may be used, the needle of 
which traverses freely, but the more 
delicate the instmment the more satis- 
factory will be the results. 



Place the compass in a position i 

ehore free from any local attraction, : 
by DieaDa of a email magnet or a pie 
of iron deflect the needle 90° from t« 
north point, permit it to vibrate i 
count the number of vibrations in a n^ 
ute, repeating the observation sevei 
times to enBUre accuracy. If the nai 
ber of vibrations of the different sets t 
not agree within a quarter of a vibratx 
either the instrument or the observer 
at fault. 

This number of vibrations in a minrt 
^ves a measure of the earth's borizont 
force at the place. Then take the san 
compass on board the ship and count t 
number of vibrations in a minute ma^ 
there. The ship's force with ber head : 
the particular position at the time of tl 
observation, and at the place occupif 
by the compass, will be to the eartb 
force as the square of the number of i 
brations on board is to the square of t 
number on shore. A single observatid 
on board will give a result, but it 
much better to make a number with th 
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ship heading in different directions, for 
the magnetism of the soft iron changes, 
as we have seen, with changes of 
direction. 

To show how the amount and direction 
of the ship's force may be plotted and 
determined, we give an example at length, 
when the ship's force is greater than 
that of the earth, and the condition 
therefore somewhat exaggerated. 

In this case the ship is represented by 
a rectangle of cast iron, which has be- 
come permanently magnetic, the compass 
being placed in the middle of it and one 
end of the rectangle marked as the bow. 
No. of vibrations on shore ; that is not 
surrounded by the iron representing the 
ship, 9.5 in a minute. Bow to the North, 
No. of vibrations, 20.5; Needle pointing 
6^ W of N. Bow to the East, No. of 
vibrations, 18.75; Needle pt. 72° E of 
N. Bow to the South, No. of vibrations, 
16.5; Needle pt. 7^ E of S. Bow to the 
West, No. of vibrations, 18.40; Needle 
pt. 84^ W of N. Now, as in these posi- 
tions on board ship the needle is under 



70 

the influence of the ship and the i 
both, these dircctiona and vibrations a 
due to the combined influence of ( 
and ship, and represent in direction i 
amount the resultant of the forces i 
earth and ship, and the forces are ( 
each other as the squares of the Qumbi 
of vibrations, according to the law ( 
the pendulum. 

We have, therefore. 

On shore, 9.5" = 90.25 
HeadN, 30.S' =420.351 g,^ g S"' 
Head E, 18.75'=351.00 I 3l g 73° : 
Head S, 16.5' =373.35 [a^'^ 7° 
Heail W, 18.40'=33a&fiJ .^"S g 84" ' 

Direction of resultant for 

We may now plot this so as to obts 
the amount and direction (with referenoE 
to the ship) of the ship's force. 
2 let C be the position of the compass, J 
the north being to the top of the page, I 
CN'=90,25 representing in direction and I 
amonnt the force of the earth, and C N j 
=420.25 N e" W, representing 
direction and amount the resultant of'J 
earth and ship, the force exerted by the« 
ship will, therefore, be represented bjj 
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N 



^E 




S 



CO=330, and 8° to Port of center line 
of ship. 

So with head E, CE=351, N 72° E 
represents resultant of earth and ship, 



and CP the force of ship 335, 2° to Poi 
of center line. 

Again, with head S, C.S— S72.5 S 
E. and CO=368, 5° to Port of eenl 
line. 

With head W, CW=338.e6 N 84° ' 

and CR=440, 9° to Port of center lit 

™, , L- > r ■ 330+335+3- 
Therefore, ahip'a force is 

=335 in amoant aa compared w 
earth's force, 90.25 or 3.71 earth's foi 
9 + 2+5 



being 1.00 and - 



to Pof 



of center line in direction, llie line paw 
ing through the position of the compaaf 

In taking the average of the amount^ 
the value to the S 368 ia omitted, becaua 
the action of the earth and that of th 
eliip being directly opposed, the needle i 
sluggish and its number of vibration 
cannot be depended upon. This is i 
extreme case, since usually the ship' 
force ia leaa than that of the earth, bq 
it ia selected because it shows the metho( 
better in plotting. 

Of course, these values can be oalcU 
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lated by the ordinary means if greater 
accuracy is desired. It is obvious, also, 
that if only one or two observations can 
be made they are better with the head E 
or W than N or S. 

It must be remembered that the di- 
leetioD and amount of the ship's force 
varies with her position within certain 
limits, and that one line can, therefore, 
only represent the mean force and 
direction. 

Part of her force comes from her soft 
iron, and in this paragraph (26) we have 
considered that only her permanent 
magnetism is affecting the needle. 

In Fig. 2, the line CE is the resultant 
(or diagonal of the parallelogram) of 
ON' and CP; knowing CN' and CE we 
construct the parallelogram CN' EP and 
thus find CP which is required, and the 
same with CQ CR and CO. 

Although the ship acts upon the com- 
pass as a whole, like a magnet; still it is 
not like a simple magnet, but one which 
changes its magnetism in different 
positions, and in fact its action is made 



np of the separate action of diflere 
parta. 

27. The inveatigations of Poisson ai 
Airy, show that part of the action of ■ 
ahip is due to the permaaeot magncti 
of the hard iron, and a part to the 
daced magnetism of the soft iron, (I 
and the action upon the needle or i 
deviation can be expressed by a mat 
matical formula. The formula given 
Poisson is more complete in some 
spects than that given hy Airy, but I 
latter is simpler and is as follows; 

S=A+ B sin. C + C COS. :' +D sin. 
+ E COS. 2C' 

in which S is the deviation to be det 
mined. 

;' is the azimuth of the ship's head 
the disturbed compass, aiid A, B, C, D, 
are coefficients whose values are dcteri 
ined by experiment. 

Table I gives an analysis of these 
efKcienta and should be carefully studie 

28. A is constant for the same shi 
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ifrom induction of horizontal ] 
"ResLl-i force on soft iron unsym- I 

( metrically distributed. * f 
Apparent :/r(?;/i index or obs, error. J 



Semi-circular'^ 



or 



}fr<mi 



Polar magnet.J 



1. PervianenO 
magnetism of 
hard ironj vary- 
ing inversely as 
the Horizontal 
force at the 
place. 

2. That induced 
hy the vertical 
part of tfie 
earth's force on 
Boft iron, vary- 
ing as the tan- 
tgent of the (Up. ^ 
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B ts that part of 
this combined at- 
traction acting in 
a fore and aft 
direction {the nat, 
sin. of B is ship's 
force to head). 

C «'••* that part of 
this combined at" 
traction acting 
athwart ship {the 
nat. sin. of C is 
ship's fv'rce to 
^starboard). 



Tlie semi-circular deviatit 
A s it depends upon the dij 



Onadrantal sometimes "^ 
ealUd permanent coejffi- I 
eienUt oeeauae unchang- }■ 
ing in aU fMignetic lati- j 
tudes, J 



due to horizon- 
tal induction of 
soft iron in 
shij). 



I> has four~\ 
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points. J 

E has four n 

points, and is ge 

[^ it m,ay be neglect 



The'quadrantal deviation is diminish 
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and compass, and is real or apparent as 
shown in the table. 

It is generally very small except in 
the case where the compass is not in the 
middle line of the ship. All these coeffi- 
cients are positive ( + ) when they act 
towards the head or the starboard side, 
negative (— ) when they act to the stem 
'>r to port. 

29. B and C together represent a force 

rhich acts as represented in Fig. 1, and 

irhich has its zero when the ship's head 

5 in a certain direction, (usually towards 

he Xorth), and its maximum when the 

ead is at right angles to that direction, 

rom which peculiarity it is called the 

emicircular part of the deviation. 

I It is caused : I, by the permanent 

pagnetism of the hard iron, and as that 

^ constant it varies inversely as the 

rth's horizontal force; II, by the in- 

aced vertical part of the earth's force on 

ft iron, and therefore changes with 

gnetic latitude as the dip changes. 

As this force rarely acts in the direction 

the ship's length we divide it into 
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tvo, 6, acting fore and aft, and C 

athwart shipB. 

30. D and E represent a force wB 
ie due to the horizontal induction of i 
iron, and which ia called the iiuadrai 
part of thf deviation, for the follow 
reason. 

If a bar of soft iron is held in ' 
direction of the dip it becomes a mag 
the upper end of which, in North 1 
tude, attracts the N end of the mag 
(21) if it is moved into a horinontal 
sition, but still pointing North and Se 
it is still magnetic, nndcr the inflot 
of the horizontal component of 
earth's force though in a smaller dej 
If it is now moved horizontally inU 
East and West position, its magnfl 
still further diminishes and wha 
reaches the East and West poeitif^ 
magnetism disappears altogether. 

If, therefore, a compass is acted x 
by this bar, when the bar is Nort 
South of the needle, it attracts it atrot 
but as the needle is already poia 
North, its directive force (7) isincrei 
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^^t its direction is not disturbed ; if the 
"^^ is carried around radially, say to the 
^^8t, the needle is drawn toward it and 
®^ las an Easterly deviation. 

But the bar as it approaches the E 
^^d W position, loses its magnetism; and 
^hen E and W has none, and therefore 
^^es not attract the needle, and produces 
^o deviation; consequently, the deviation 
^11 be zero when the bar is N and S and 
^ of the compass, zero when the bar is 
^ and W and E of the compass and will 
"^ve a maximum somewhere between N 
andE. 

It will be the same in each quadrant 
^Xcept that in the second quadrant E to 
S the S end of the needle will be attract- 
ed by the N end of the bar, thus giving 
a W deviation. E in the S to W quad- 
rant and W again in the W to N quad- 
rant. (See Fig. 3.) 

The top of the page represents the 
North. 

This quadrantal deviation is divided 
into two parts, D, which is the more im- 
portant, and which has its maxima at or 
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near the intercardinal points NE, SE, 
S W, N W and E which has its maxima 
at the cardinal points N, S, E, W, and 
which is generally so small that it may 
be neglected. It arises from soft iron 
unsymmetrically distributed. 

31. Of the five coefficients, A and E 
are small, and B, C, and D are the im- 
portant ones to consider, and those we 
shall therefore discuss at greater length. 

A portion of the action which intro- 
duces the coefficients B and C is, as 
already noticed, due to the permanent 
magnetism of the hard iron composing 
the ship. 

A piece of hard iron or steel may be 
made a permanent magnet by touch with 
another magnet, by subjection to the 
action of a current of artificial galvanism 
or by being placed in such a position 
that the currents of the earth will mag- 
netize it. 

The last is the only method by which 
a vessel will be magnetized, and as the 
currents of the earth have a definite rela- 
tion in their direction to the earth itself, 



it IB erident that the magDetism of ^k-' 
iron vessel will vary with the poeitic^' 
which the ship has during its "building, CZ^ 
in the case of an iron clad, during i^*^ 
plating. Late investigations* have ir::^ 
dicated that the Xorlh end of ihf ueedE- ' 
is attracted toward that part of thf ve^^ 
ael which was nearly South in buiUling. 

That this magnetism is more constau-^ 
in vessels built North and South than io 
those built East and West. 

That the diminution of the directive 
force is greater if the ship has been built 
E and W, than if built N and S. j 

That the deviations in a ship built E. 
and W are less syrametrieal, regular ani 
permanent than those on a ship built ^ 
and S. From which it is evident that i 
is better to build ships N and S, than B' 
and W. When the compass is to 1 
placed in the after part of the ship, as 
the case with most of our war vessels, 
is best to build the vessel head to tha 
South, because if the ship is built head 
North the upper part of the stern, and 
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the lower part of the bow, will be 
strongly magnetized, and the lower part 
of the dtem, and the upper part of the 
how weakly, so that a compass placed 
near the stern will have a large semicir- 
cular deviation. 

If the compass is amid-ships the direc- 
tion in building is not important, and if 
the compass is forward as in some mer- 
chant propellers, the head should be 
North in building. 

32. The amount of magnetism upon 
which B and C depend is affected by the 
treatment which the vessel receives dur- 
ing building, and after being launched 
and in the early part of her service. 

If in a vessel to be plated, built with 
the head North, a certain amount of 
magnetism is introduced by her position, 
another amount having an opposite effect 
upon B and C may be introduced by- 
plating the vessel with her head South, 
and in this way the semicircular devia- 
tion of an after compass (31) may be 
much diminished, annulled or reversed 
by this operation, a fact of great import- 
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anue, sinoo altlioiigh the positioa 1 
building cannot often be ohosen-^snoh ' 
position for plating as will modify this I 
element of the deviation, can almost 1 
always be selected by choosing one or 
the other side, or the end of a wharf, and 
mooring the vessel bow in or bow out. 

No case has Iwen reported, within the 
knowledge of the writer, in which the 
complete experiment has been made, but 
the obaervatioDs on the Warrior, Black 
Prince, Defence, Resistance and Valiant 
(Evaas and Smith, Phil., Trans. Pt. I 
ISes) where the diroctionB before and 
after plating were different, have given 
just the results which might have been 
anticipated. 

Again the permanent or suhpermanent - 
magnetism is affected by the jars or-, 
blows to which the iron may be subjected J.r 
thus if (19) a bar of iron held i 
direction of the dip, be struck with a, 
hammer it will become more highly 
magnetized than if it is held quietly; 
and shaking or pounding when in an E 
and W position will cause it to give up 
some of its charge. 
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^or the first few months after launch- 
^85 during which time the vessel is ex- 
P^s^d to the hammering of the workmen 
^ <2ompleting the work, to the vibrations 
"^^ the machinery, and to the shocks of 
^^ waves, the values of B and C change, 
S^tierally diminishing until they attain a 
f^^nnanent value in about one year. 

Swinging at anchor through all azi- 
'^tiths, or merely lying quietly in a direc- 
^^On differing considerably from that of 
"^tiilding, will also cause some changes. 

It is evident that this magnetism is 
^f)t exactly permanent, as that of a steel 
^tiagnet is, and it is therefore sometimes 
Called subpermanent. 

33. It follows from these considerations 
that we may by judicious management, 
so modify the action of the hard iron, as 
in many cases to reduce the value of B 
and C to within small limits as far as 
they depend upon the permanent magnet- 
ism, and that, this magnetism becomes 
settled or shaken down at the expiration 
of twelve months. 

34. Now the intensity of the earth's 



attractioD of the needle to the North de 
pends upon the maguetic latitude (16)[ 
and the ship's action being permanent il 
araouut, tlie total directive force upra 
the needle will vary with the latitude 
the effect of the ships becoming appar 
eiitly greater as that of the earth becoma 
less, and B and C will therefore inoreaa 
inversely as the horizontal force at tb 
place, and will increase as the ship goa 
from the equator towards the poles. 

35. There is another part of B and C 
(No. 2, Table 1), that induced by th* 
vertical part of the earth's force o 
iron of the vessel, which varies a 
tangent of the dip; that being the rep 
reseiitative of the vertical part. 

This can be separated from the firal 
by treating Bhservations made in diEBeP 
ent latitudes, or when the vessel is on a 
even keel and when she is heeled, as i 
the last case, the transverse iron, such a 
beams, posts, and the ship's sides, change 
their induced or temporary magnetism 
as they change their inclination. 

The difficulties of heeling a vessel are 
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however very considerable, and up to 
this time observations have not been 
made with sufficient differences of lati- 
tude to give very good results, so that 1 
and 2 are not well separated. 

The change of induced magnetism in 
the soft iron of the vessel is of great 
practical importance, however, in another 
respect, for when an iron sailing vessel 
or a steamer under sail, is careened by 
the wind, the deviation is sometimes 
mnch affected temporarily, and an error 
sometimes quite large, introduced, called 
the heeling error. 

36. So far we have only considered the 
deviations while the ship is on an even 
keel, but they may vary when she heels 
to port or starboard, and as in some 
localities, a vessel may sail for days with 
the wind on the beam, this unexpected 
addition to the deviation may carry her 
out of the way. 

The heeling error is produced by the 
action of the permanent magnetism, and 
by that of the induced magnetism of the 
transverse soft iron. 



The directiOD of the ship's force is not 
necessarily horizontal, (25), in fact it 10 
nearly always inclined more or less in the 
vertical plane. If it is of such a charac- 
ter a8 to draw the N end of the needle 
downwards, in the position of compaaa, 
it is said to act downwards, and it i 
evident that in this case, when the flbip 
heels, the N end of the needle will I 
drawn to the weather side. 

Again, the transverse iron aach 1 
deck beams, become magnetic as the 
incline, and their upper or weather endj 
attract the north point of the needl^ 
thus further increasing the heeling error. 
If, however, the ship's force at the com; 
pass actenpwards, the needle is attracted 
by that to the lee side, and by the indao 
tion of the deck beams to the weath^ 
side, and thus the heuling error is reduoej 
or practically destroyed. This is onq 
strong argument in favor of buildiaj 
vessels bead South in North latitudes 
since siich ships nsually have an upwari 
force in the after part where the ateerinj 
compass ia placed. 
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The effect of the induction will be changed 
at the magnetic equator, and will be re- 
versed, as the upper end acquires mag- 
netism south of the equator. Therefore, 
as far as this error is concerned, ships 
built to run in South magnetic latitudes, 
should be built head North. 

This heeling error may be compen- 
sated on the same principle as the other 
deviation (46), by placing a vertical 
magnet in such a position, vertically un- 
der the compass, that it will produce no 
deviation when the ship is on an even 
keel and just enough of an opposite kind 
as the ship heels to counteract that pro- 
duced by the ship itself. This will not 
be entirely satisfactory, since the error 
from induction in the soft iron will 
change with the latitude but it will re- 
dace the error considerably. 

Owing to the difficulty of heeling a 
vessel, there are not so many observa- 
tions on this point as is desirable, and 
they should therefore be made whenever 
opportunity occurs. In all cases the 
angle of heel should be carefully determ- 



ined and recorded with the results of 
the observations. In some vessels the 
error is very large, as in the City of Bal- 
timore, 2° of deviation for each degree of 
heel. It ia evident that as the heeling 
error due to the permanent magnetism is , 
oonataDt and that from induced magne- 
tism varies with the magnetic latitnd^- 
observations of heeling error in the samQ- 
ship and compass In different latitude*' 
will enable as to determine the relative 
effects of the two, and such observational 
are very desirable, (35). 

Vertical iron also produces a heelii^' 
error and in English iron merchant-i 
where the steering compass is usually 
well aft, it has been found necessary to 
put up a vertical iron post forward of 
and below the compass to compenflaM 
for the effect of the stem post. Funnel^ 
bulkheads, etc., frequently cause a heeliv 
ing error. 

The error ia greatest in N and 8' 
courses, and least in E and W. 

In compasses compensated by Alry'ff 
method with the magnets below the 
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compass, the heeling error is much re- 
duced. 

Elaborate records of experiments in 
heeling vessels will be found in Ap- 
pendix to Third report of Liverpool 
Compass Committee, 1862. 

37. In considering the formula given 
in Section 27, it is evident that if we 
can get a sufficient number of equations 
with different values of d and C^ depend- 
ing upon each other, we may determine 
the value of A, B, C, D and E. 

This can be done in the following 
way : The ship being at anchor in a 
place where there is no current or moor- 
ed in a basin where she is not in the im- 
mediate neighborhhood of large masses 
of iron or magnetic rocks, some distant 
object or objects must be selected, the 
correct bearing of which from the ship 
must be determined from the chart, or 
by careful observations on shore with an 
azimuth compass. The object must be 
distant, so that its bearing will not be 
sensibly changed by a small change in 
position of the vessel. (See Sec. 26 for 



ler methods of determialug devi&{ioo., 
Tfac standard compaas must then be 
Bet up on board at a point in the midship 
line of the vessel which has been Beleoted 
upon general consi derations hereafter to 
be noticed (49), or after several observa- 
tions of the kind now to be described. 

In most vessels a position between the 
main and mizenmast will be found to be 
the best. 

The vessel's head being brought to any 
cardinal point, say to the North, by the 
standard compaas, the bearing of the 
distant object by this compass must be 
read off and entered opposite the head- 
ing of the vessel as in coluiqn 11 of 
Table IL 

The difference between the true mB^' 
nelic bearing of the distant object ancl 
its bearing by the compass will be the 
deviation, (d) for that azimuth of the 
ship's head (C') and must be entered in 
3rd column of the table on the first line. 
The ship's head must then be swung 
towards the East, either by warps or 
with the asaistanoe of a steam tug or 
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boats until her head is N 6 E by the 
standard compass, the bearing of the 
distant point is again noted, entered 
opposite N ft E, and the deviation on 
that course deduced. The same observa- 
tions must be made all around the com- 
pass, except that in entering them, it is 
convenient, as will be seen, to make a 
fourth column, and begin it with the 
readings at South as in Table II. 

In practice it will not generally be 
found necessary to stop the ship at each 
of these points, as the observation can be 
made at the moment her head is in the 
right direction, provided she is not 
swung too fast. 

It is also quite possible to make the 
observations in a tide-way, which is not 
too strong, by taking advantage of the 
ship's swinging with the tide, although 
difficulty will sometimes be experienced 
in making her go all around at the next 
turn, instead of back through the side of 
the circle in which the first half of the 
observations were made. 

For instance, if with the first tide the 



ship swings from N to South by th_ 
East, in many tide-ways she will, witb 
out some extraneous aid applied at tim 
right time, be apt to swing back to 3 
by tlio Plast, and not by the West. 

A method (Xapier's diagram) is givea 
(42) by which observations made on an 
azimutlis, not necessarily N, X A E, Jb 
can be used. 

Tliis table of deviation g may be use 
in practice to steer by, since it shows th 
error of tlie compass on each course 
Tlius in the case of the Calypso when the 
ship heads X by standard compass the 
needle points G** 14' to the W of Mag. N 
and the ship would be sailing more than 
half a point to the W of X so that a 
corresponding correction must be ap- 
plied to enable a true X course to be 
steered. 

38. To proceed to the computation oi 
the coefficients A, B, C, D, and E. 

It is shown in the English Admiraltj 
Compass Manual (Evans and Smith) b] 
a mathematical demonstration too lon^ 
to be introduced here, that the values o 
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these coefficients may be deduced from 
the thirty two equations, giving the 
value of S by performing the operations 
indicated in the form given on page 554. 
Prepare a form according to this ex- 
aniple, the permanent part of which is 
indicated by the Roman letters and 
figures, and the quantities to be entered 
^y the heavy faced type. 

Enter in the second and fourth columns 
the deviations as observed on each point, 
giving Westerly deviations this sign— 
*nd Easterly ones the sign + . 

Form column V by entering the alge- 

"^^ic sums of fiffures in columns II and 

/ > having reference to the signs, and 

^^^iding by two ; and form column VI by 

*5^ing figures in cols. II and IV the 

®'§ii8 of quantities in col. IV being 

^^Hged, and dividing by two. 

^t will be seen upon reflection, and 

P^cially if the figures in these columns 

^ plotted (see page 96) so as to aid the 

^ ^^d in comprehending these, that the 

^^Tes in the sixth column are the means 

'tie deviations in the semicircles from 



N to S, by the East, and from N to S, 
by the West, and represent therefore the 
mean semicircular doviationa, and that 
those in colama five represent the ex- 
cess of the greater qoantities over the 
Q, aud represent therefore the quan- 
tities which affect the deviations, apart 
froto the semicircular deviations, nai 
the quadranta! deviations. On page 96- 
these are plotted, lines II and IV repre- 
senting columns II and IV, and line VI 
the mean semicircular deviation. 

Line V crosses the center line twice 

tween N and S, and representa the 
quadranta! part of the deviation, line VI 
crosses once and represents the semiciT' 
cular part. 

If there were no quadrantal deviation. 

les II and IV would be nearly regalar< 
and symmetrical carves, equal on botb.-' 
sides of the axis, but the effect of the 
quadrantal deviation is to add to the- 
semicircular deviation on the side towards 
which it acts, and to diminish it on the 
Other side. For example, the mean 
deviation. Fig, 4, at N (or S) h—a°5T 



(long dotte-i line \T. Izz U L? Iri-^ 
towards the dIos si'ie. ":• \ rriiizi; :: 
— 6"45'and IV is pi^irii :•: •ri-r ^izi-r 
side to a reading of — 7" : > . Tl-r iif^r- 
enoe between these rea*i:r.gg. — : ' l-i r^ri- 
resents twice the action of the zi-^iniL. 

tal deviation and ~ — = — 1 ' li; rri-rvr- 

sents the qoadrantal deviation at X > or 
S). 

Hie reader can make this still clearer 
hy plotting from a center line, any regu- 
lar semicircolar deviation, and any rega- 
Iflr qoadrantal deviation, and then plot- 
ting the resnlting deviation curve (Fig. 
5), an operation the converse of the 
above. 

In Fig. 4 the line VI is the mean of 
the two lines 11 and IV, IV having been 
tnmed over on to the same side of the 
axis as n, or having its signs chapitjof 
(CoL VI). 

88. Having thus separated the sonii- 
circnlar and quadrantal deviations, wo 
proceed to compute B by multiplying 
each number representing the ili^v latitat 
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in Col. VI by the natural sine of the 
ramb of the course counting from the 
North, that is by O, S^, S„ &c., which 
are taken from the following table : 

Sj=nat. sin. IV 15'=. 19509 1 point. 

S,= " " 22 30 =.38268 2 points. 

83= " " 33 45 =.55557 3 

S^= " " 45 00 =.70710 4 

S^= " " 56 15 =.83147 5 " 

S^= " " 67 30 =.92388 6 " 

S^= " « 78 45 =.98078 7 " 






In the English Admiralty Compass 
Manual, a table is given of the products 
of Sj, S„ &c., with arcs up to 35°, which 
facilitates the operations very much. 

These values are entered in colunm 

vin. 

The sums of the + terms, and of the 
— terms in this column are then taken 
and their difference with its proper sign 
+ or — , divided by 8 gives the value 
of B in arc, as in the example B= + 1°43'. 
We then form column X by multiply- 
ing the same quantities by the nat. sines 
of the rumbs, counting from E or W, to 



C, which acts at right angles to 
the qiiaDttties S„ S,, Ac, beiog entered 
in the inverse order, 

Tiie algebraic sum of the qnantities in 
S divided by 8 gives the value of 0, in 
example, C= — 7° 15'. 

Then to obtain the values of D and E, 
the ijuadrantal coefficientB, we take col- 
timn V and entering the quantities in the 
upper half in column XI, and those in 
the lower half in column XII, since we 
wish to get the mean of the quadrtintiil 
deviation, we perform in columns XIII 
and XIV, the same operations aa in ool- 
uma V and VI, eliminating the constant 

index error A, and getting quantities 

column XIV to be multiplied by S„ S„ 
S^ etc., computing D and E as shown in 
columns XVI and XVIII. In the exam- 
ple A=+0°03'6 D= + 3°00'E=-O''O2'. 

In case the observations are made on 
16, instead of 32 points, that is at N., 
K.N.E., ISf.E. etc., the columns will be 
only half as long, and the divisions fnr 
i C and A will be 4, and for D and E, 
Instead of 8 and 4, but the resulting 
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^^lues of the coefficients will not be so 
®^ct. Observations on 8 points will 
give less reliable values and observations 
on the four cardinal points will not give 
a value of D nor those on the quadrantal 
points, a value of E. 

As D is more important than E, if ob- 
servations on four points only should be 
possible in any case, they should be 
made on the quadrantal points. 

It is obvious that having the values of 
the coefficients we may compute the de- 
viations on any course to half or quarter 
points by substituting in each equation 
the azimuth of the course for C'. 

40. These coefficients are, strictly 
speaking, only approximately correct, 
the more accurate values being expressed 
^y ^^j^j^jSj^j which are attained as 
follows : 

^=sin. A 

^=sin. B[l4-isin. D + ^^ver. sin.B— i 
ver. sin. C] +i- sin. C sin E 

®=sin. C [1— Jsin. D+^V^^^-s^^* ^—i 

ver. sin. B] 4-isin.B sin. E 
g=sin. D[l+Jver.sin.D] 
®=sin. E 
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For all ordinary purposes, however, 
values represcDted by A, B, C, D, and 

£ are sufficiently close. 

41. The deviatiooa may be observed 
by other methods than that of swinging 
the ship on known bearings. If in dock, 
or in a confined harbor, a compass car- 
ried around the ship on shore, by an ob- 
server who keeps always in a line witl 
the masts will, at each moment, give thi 
true magnetic bearing of the head of th^ 
ship; and she can be stopped 
desired point, or observations of her com- 
pass be made as she reaches each point ia 
succession, by means of signals agreed 
upon by those on shore and on board, 

Or the shore compass being kept ill 
one spot, reciprocal bearings of the shon 
compass, anil the ship's compass, can bi 
made in each position of the ship whic6' 
will agree if there is uo deviation, and 
will differ by the amount of deviation on 
each course. In using this method, it 
has been suggested that the readings 
each case should be chalked npon w 
blackboard to be seen by the opposite 
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observers, in order that they may be 
certain that the readings and records are 
correct, before making each new observa- 
tioiu 

In the case where the standard com- 
pass, having been placed in a carefully 
selected position (49), is perfectly cor- 
rected, it will be used as the ship swings 
^ determine the deviations of the other 
compasses in their different positions on 
'>oard. 

42. The deviations in different courses 
^^y be plotted by laying down a straight 
^^^ to represent no deviation and divid- 
es it equally into thirty -two divisions, 
'"^t^resenting the points beginning at N 
^^ the top, and ending with N at the 
^^ttom, (Fig. 4). The amount of devia- 
■^-On on any given course may then be 
^^ presented by laying off a distance to 
^^y convenient scale, equal to the amount 
^f deviation opposite to the point repre- 
senting the course, and to the right or 
^eft as the deviation is E or W. 

By laying off a number of these for 
different courses, and joining the points 
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thus obtained, we shall have a 
deviations which addresses 
eye. 

In order to do this in 
will make a diagram of tL 
vice, Mr. Napier, of Glasg^ 
what is known as Napie 
in which the ordinates, on w 
viations are laid off, are not . 
gles to the central line, but a 
60° in each direction, making a 
isosceles triangles, and convei 
diagram into a simple addition & 
traction table. 

The central line is di\ided ii 
grees and serves as a scale by wl: 
deviations are laid off. 

To use it, observe the devial 
any course, and lay off the am< 
that deviation on the line 
through the course, on the plain 
the course is correct magnetic, 
dotted line if it be the disturbe 
pass. 

If this course is not exactly on 
lay off the deviation on a line par 
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that passing through the nearest point as 

A Having plotted in this way all the 
observed deviations, a curve is to be 
traced through them with a free hand, 
and the deviations on courses not ob- 
served upon are given by the intersec- 
tion of this curve with the dotted or 
plain lines corresponding to each point. 

The examination of a collection of 
curves, made from actual observations, 
as in the report of the Liverpool Com- 
pass Committee, &c., will show that 
there is so much regularity that these in- 
terpolated deviations may generally be 
relied upon, although certain cases, such 
as the U. S.S. Roanoke (Report of Nation- 
al Academy of Sciences for 1863) the ir- 
regularities are considerable. 

There are two principal practical ap- 
plications of this diagram. 

I. From a given course by compass, 
which has been steered, to lay down the 
direct magnetic course which the ship 
has made. 

Find the compass course on the cen- 
tral line. Move the pencil along the 
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dotted line, passing through this course, 
or in a direction parallel to the dotted ^^ 
line, if there is not one passing througli 
the course, until the curve is reached, 
then return in a direction parallel to a 
plain line until the pencil reaches th® 
central line, the point thus reached i8 
the correct magnetic course. 

It will be observed that this is merely 
the addition or subtraction, as the curve 
is to the right or left of the center li^® 
of the deviation on this course, since tb^ 
three sides of the triangle A, B, C, pass^** 
over by the pencil are all equal. 

II. From a given correct magnet>^^ 
course to find the course that must ^^ 
steered by compass in order that t*^ 
ship may follow the given course. 

Find the correct magnetic course 
the central line. Move the pencil vO ^ 
line parallel to the plain lines, until '*' 
reaches the curve, and back parallel ^ ^ 
the dotted lines to the central line, a.^^ 
the point thus reached is the couJC"^ 
which must be steered. This is eviden*^^ 
the c(mverse of the preceding operatic^^' 
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and consists in subtracting the deviation 
which before was added or vice versa. 

The following verses are given in the 
English Admiralty Manual to aid the 
memory. 

I. 

"From compass conrse, magnetic course to gain 
Depart by dotted and return by plain. 

II. 

"But if yon wiG^ to steer a coarse allotted, 
Take plain from chart and keep her head on dotted." 

43. Having determined the deviations 
on the correct magnetic courses, it will 
he very easy to construct a table giving 
the course to be steered by compass, in 
order to shape any desired course. It 
may have the following form: 
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Steering Table. Binnacle Compass, 



Course to be 


Course to be steered by 


made. 


compass. 


N 


N 8^ W or N } W nearly. 


NbyE 


N 2i° E or N i E 


NNE 


N 13^ E or N by E i E " 
N 23° E or N N E 


NEbyN 

NE 


N 33° E or NEbyN *' 


N E by E 


N 43° E or N E i N " 


ENE 


N52°EorNEiE *' 


EbyN 


N 61° E or ENEiN** 


&c. 


&c. 


ifcc. 


&c. 
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44. As a table of deviations is trouble- 
some to use, and as errors may be made 
in applying tbe correction indicated by 
the table, it is convenient to make a cor- 
rected compass card to steer by. 

This may be done in several ways, 
first : by determining the deviation by 
swinging, and interpolating these points 
not observed on from Napier's curve, and 
then making a card to be put on top of 
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the regular compass card, so distorted 

that the deviation will be allowed for 

by steering the ship by the new card. 

Thus, if the deviation when heading E 

true magnetic, is one point to the E, the 

west point of the new card must be one 

point to the left of the E point of the 

old card or over the point E by X, and 

so on all around so that the divisions of 

the card will not be equal, ll^i to a 

point, but will be greater or less as the 

deviation is greater or less in each 

position. If on N courses there is no 

deviation the N points of the old and 

new cards will coincide. 

Instead of covering up the old card 
with the new one, the new points may 
be marked in red ink on the margin of 
the card outside of the regular division. 
(See Towson's Practical Information for 
Figure, page 29). 

In the form of deviation card, devised 
by Com. Rodgers, U. S. N., the proper 
magnetic points are drawn on the out- 
side of the compass, and with the arrow 
heads indicating them pointing towards 
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the oenter to distiuguiBh them from th< 
old pointa. 

45. A method of plotting the a 
of the ship on the needle from values of 
%, J§i Ct, Si ffii and ^, too elaborate to 
he inserted here, is given in the Admir- 
alty Compass Manual, under the head of 
Dygogram, Nos. 1 and 2. 

These drawings give the means of 
studying the action of the various co- 
efficients, and Ko. 2 may be used ae a 
steering card. 

46. It ia possible to correct meohani 
oally the oompasB of an iron vessel 
such a manner that the deviations oa , 
courses may be very much reduced, 
even destroyed altogether. 

Neglecting for the pruBcnt, the vertJi 
c;il component (25), the action of thi 
ahip on the needle may be representee 
by that of a large magnet N S Fig. 7, 
or Btill further resolved into the action oj 
two magnets S'N', and S'N' at righ( 
angles to each other, one in the midshi] 
line, the other athwart-ship. The aotioi 
of the first may be corrected by a small 
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jnet N'S*, placed fore and aft, and 
r to the compass with poles opposite 
hose of N'S' and the action of the 
Dnd by a small magnet N'S' athwart- 




FigJ 

) with poles also opposite to those of 

l'^. In practice this is done by plac- 

the vessel head N, and laying tho. 



N- 



.i 
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magnet N*S* upon the deck, either fc^^* 
ward or aft of the compass, turning '^' 



•:dt^ 



Liv-i' 



end for end or moving it backwards C^ 
forwards until the needle points N wh^ 
S'N" is corrected. Then heading "'-'^^ 



vessel to the E or W, the magnet N*! 
is placed by trial in such a position tli^^^„ 
it makes the needle point N when N'i 
is corrected. 

The magnets are then secured by le" 
ting them into the deck and naShi^^^^ 
pieces of sheet copper over them. 

If the magnetic axis of the vess^ .^^ei 
coincides with its midship line, jt::^^^^^^ 
athwart ship magnet N*S* will be r^ ''®" 
quired, and it is evident also that if ttr=^=^^ 
direction of NS is known, only one msL^^' 
net N*S*, parallel to it need be used, b^-^^ 
as in practical work this is rarely kno\^^-'' 
the two magnets are used.* 

The semi-circular deviation due to tlx^ 
permanent magnetism is thus dispose^ 
of, and the quadrantal (30) must be cor- 

* This method of correction by permanent magnets is 
known as Airy's method, it having been proposed by the 
Astronomer Royal of England. 
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'^cted by soft iron placed in a position 
^0 counteract the action of the soft iron 
^^ the ship. This may be done by hav- 
^8 two small boxes, called chain boxes 
^ed one on each side of the compass, to 
starboard and port, into which soft iron 
^bain, or pieces of annealed wire or iron 
*^^e put in sufficient quantity by trial to 
^ake the compass point to the N cor- 
^^ctly, when the ship's head is N E. S E. 
^ W. or N W., the correction by the 
^-^agnets having previously been made. 
~*-*lie Liverpool Compass Committee use 
^oft cast iron cylinders with hemispheri- 
cal ends for the same purpose instead of 
^liain, fixing them to port and starboard 
^ithe compass, and moving them farth'er 
^r nearer to produce the desired effect. 

This soft iron thus applied corrects D. 

^ which is due to soft iron unsymmetri- 

iJally distributed, may be corrected by 

^noving the soft iron either backwards 

w forwards, but it is usually very small 

and may be neglected. The magnets 

used for compensating should be of good 

steel, made very hard and well magnet- 



ued Bometime (some months if possible) 
before being used, ao as to acquire ■ 
permanent condition of magnetism. 
They may be from fourteen inches tft 
two feul in leogl.b and about J in. by Ij^ 
in. cross section. 

It frequently happens that one eor^ 
rection will interfere with one already 
made, and it is therefore necessary to re- 
peat the adjustments, with the head ill 
different positions, so as to oliminate 
the errors, or if any obstinately remaiHj 
they musl bo averaged on the differetil 
coui-ses, and noted in the deviation-tabli 
or on the card. 

In other words, the compaases may 
not be ptrfeclly coiTected, but the de- 
viations ■will be mueli reduced, and may 
be allowed for or not according to the 
judgment of the officer. 

The heeling error may be compensated 
by a vertical magnet (36). 

Esperimenta, for instruction and prac- 
tice, on the action of the iron in a vessel 
and the method of correction may be 
readily made on shore or on board ship 
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in a harbor, by arrangiDg a table capable 
of being rotated around a centre, to 
represent the ship, and placing upon it 
permanent magnets and pieces of soft 
iron in different positions, to represent 
the iron of the vessel, a pocket-compass 
or a small prismatic compass being used 
as the ship's compass. For instance, in 
Fig. 7, N S may be a steel wire or rod 
magnetized and fastened to the table, 
the compass placed on the middle of 
this, supported on a couple of books, 
will show the semicircular deviation as 
the table is turned into various azi- 
muths. 

This may be then corrected by the use 
of two small steel magnets W S^ and 
N* S* placed by trial in the proper 
positions. 

The soft iron may be represented by 
pieces of iron rod a few inches long and 
a quarter of an inch in diameter, which 
have been heated to a bright red and 
allowed to cool with the fire or cooled in 
sand slowly. These may be fixed verti- 
cally, horizontally, or inclined, and their 
action in different azimuths noted. 



II the phenomena which occur on 
iron veSBcls may thus be atudied with 
great ease, and the practice serves to 
familiarize the navigator with the effects 
which he will meet in practice, and enable 
him frequently to refer them to the 
proper cause, 

47. The relative advantages of aor- 
rected and uncorrected oompassea, the 
latter to be used with a deviation card, 
tabli or diagram, have been frequently 
discusEed. 

In the English oavy, the compasseB 
teing usually uncorrected while in the 
English merchant service, Airy's Method 
is generally employed. Nearly all the 
iron blockade- run (I era captured during 
the rebellion, had permanent magneta, 
which were generaUy torn up by the 
captains before capture, with a view to 
make the navigation diiliciilt to the 
captors. 

Most of the iron and many of the 
wooden steamers of the United States 
navy have their compasses mechanically 
corrected. 
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It baa been urged that the permanent 

magnets may lose their force, and thus 
introduce an error, which being unex- 
aected might be serious, but as Mr, 
lowson remarks, no instance has yet 
leen reported in which the magnets lost 
r charge more rapidly than the ship 
^t its magnetism. The heeling error, 
ti can hardly be allowed for in prao- 
j by the use of a table, and which is 
[netimes very large, is much reduced 
f compensation, and the effects of 
J on the needle are also much 
minished. 

s the deviation due to the permanent 
[netism depends upon the relation 
etween that and the earth's force, in an 
)mpen8ated compass it will change 
1 change of magnetic latitude, and a 
e must be made for new positions. 
Altogether the evidence seems to be 
rongly in favor of compensation, and 
u fact some of the recently- built English 
r-vessela have been oblige 
it, owing to their very large devi- 
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The vigilance of the commander mnat 
not, however, be relaxed because tin. 
i.'ompasses are supposed to he corrected 
but every oppoitanity should be i 
braced to determine whether they haV{ 
undergone any change. 

It is DO doubt very desirable to havfl 
an uncompeneated compass fixed in th< 
best part of the ship (49) to 
from time to time. If the position 
selected is one which cannot be i 
stantly occupied by this compass, it maj; 
be BO arranged that it can at any t^ 
be replaced accurately in position b] 
means of marks on the deck. 

48. In order that a compass may X 
good, the needle should be very hard 
and well magnetized so as to retain il 
power, the cap should be of ruby c 
agate, carefully hollowed so as to btf 
even and smooth, and the point should 
be hard, fine and sharp. 

No dirt or dust should be permitted 
to get into the cap, as it will make tbe 
needle eluggish, and enable the point to 
grind into the cap. The point should 
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be examined from time to time and kept 
sharp. It is important also that the 
point shonld be exactlr in the intersec- 
tion of the two diameters passing through 
the gimbals, and that it should he ex- 
actly at the same height as the centres 
of the gimbals, a matter frequently neg- 
lected bv the maker. It has been sho\m 
that a compass is more steady, and that 
the quadrantal correction is more perfect 
when the card has two parallel needles, 
the ends of which intersect the cir- 
cumference of the card at points 60^ 
apart. The Admiralty compass has four 
needles. 

If the bowl is of copper, or better if 
a stout copper ring surrounds the card, 
the vibrations of the needle will be 
calmed, that is their amplitude will be 
reduced, while the time of vibration will 
remain the same,owing to an action being 
set up which appears to be due to cur- 
rents generated by the relative motion 
of the needle and the copper. It may 
be suggested that no means of cutting 
off the action of the ship's iron from the 
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compass can be effectual, since a.nythin( 
which will do that will also cut off I 
action of the earth's magnetism alsQ 
and render the compass useless. 

Owing to the peculiar difficulties e 
perienced in finding proper positions fa 
standard compasses on the Monitora 
and to the necessity for having the steel 
ing compass in or over the steering tar 
ret and, therefore, in a position to I 
affected by the iron of the turret and < 
the large guns, particularly Iroublesom) 
because they change their positions witl 
reference to the other iron of the ship 
when they turn, several methods hav^ 
been suggested by which the compasi 
could be raised far enongh above th( 
turret to be free from the action of th< 
ship and still to be available for the pui 
pose of steering. 

Ritchie's Monitor Compass, the fin 
one suggested for this purpose coneisti 
essentially of a needle which works in a 
copper globe supported at a height of. 
sis or seven feet above the turret. This 
needie is attached to and turns with » 
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delicate vertical axis which is long 
enough to go down through the top of 
the steering turret, and which carries on 
its lower end the compass card, so that 
^when the needle above turns in obedience 
to the earth's magnetic force the card 
below turns with it and can be consulted 
by the steersman. In order to prevent 
friction on its bearing, and strains on the 
rod, the whole floats in a liquid the 
specific gravity of which is the same as 
that of the rod and its floats and card. 

A description of its details which are 
very ingenious will be found in report of 
Kat. Acad, of Sciences for 1863. 

Mr. Schott, of the Coast Survey, has 
suggested a compass with the under side 
of the card divided, like a tell-tale com- 
pass placed in a copper globe or box 
above the turret, and read by means of 
a mirror placed underneath it, with the 
aid of a glass if necessary, thus dispens- 
ing with the vertical axis and simplify- 
ing the apparatus. 

Report Nat. Acad. Sc, 1863. 

Mr. Hilgard, of the Coast Survey, has 



devised a Magio Lantern Compass, u 
which the needle raised as before camsB 
a transparent card of glass or mica, « 
image of which, by a proper arrange- 
ment of lenses, is thrown upon a table ill 
the dark steering turret in front of the 
Bteereman. The light comes from the 
sky in daytime, and from a lamp et 
night. In this form a very short nee 
with its accompanying advantages, maj 
be used. 

49. The ship's standard oompas^ 
which should be an azimuth aompt 
should be placed In a selected posidoi 
in the midship line where the deviation 
are the smallest and most regulai 
wooden steamers, although there mayt) 
targe deviations at the steering compaBi 
it will usually be possible to find a 
place where the needle ia not diBtortw 
but in iron vessels this can hardly % 
be the case. 

It is, perhaps, desirable that the s 
ard compass should not be mechanical 
compensated, and if it is not, a table ai 
e of deviation must be prepared fi 
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it and every opportunity taken to verify 
it when the magnetic latitude is much 
changed. If upon calculating the coeffi- 
cients (38) for the standard compass a 
large + D is observed, it may be reduced 
by placing the compass over a hatchway 
or a sky light, where the transverse deck 
beams being divided will act as two 
pieces of soft iron athwart ships, and 
thus partially correct the quadrantal 
deviation. 

50. The magnetic condition of parts of 
a ship can be determined by bringing a 
small needle near to the part to be ex- 
amined. If the N end of the needle is 
attracted, the part is said to have S po- 
larity, and vice versa. 

It will be found in examining iron 
ships, that they have almost, without ex- 
ception, N polarity at one end and S at 
the other, and that the line dividing the 
different kinds, or the line of no polarity, 
runs obliquely from the bilge to the rail 
on either side, or that the surface of no 
deviation coincides more or less closely 
with a plane passing through the vessel 



obliqaely. Observations ou polarity 
importaul, as indicating in many ci 
the action which the vessel may be e*'l 
pected to have upon the compass. 

51. The instruments required for in- 
vestigations in the ship's magnetism are, 
1. A good azimuth compass. 2. The 
ordinary ship's compass. .3. Boat com- 
passes, which are very convenient for 
moring about. 4. The ordinary pris- 
matic compass (Schmalkelder's). 5. A 
email pocket-eompass for testing po- 
larity (50). 6. A needle delicately aua- 
L pended for vibration esperiments. (The 
I prismatic compass, if a fine one, will do 
r for this purpose.) 7. A needle balanced 
so as to hang in the dip, very delicately 
hnng on points or in jewelled holes for 
vertical vibration experiments. 8. Two 
or three small magnets, a small level, 
and a clinometer of some kind, to de- 
termine the angle of keel. 

52. The most important books and 
articles on the subject of the magnetism 
L of iron vessels are as follows: 
[ "Admiralty Manual, for ascertaining 
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'^M applying the deviation of the com- 
^^88 caused by the iron in a ship by 
^» J. Evans and Archibald Smith, Lon- 
<ion: Potter, 1874. 4s. 6d. 8vo,pp. 199, 
plates." Fourth Edition. 

" First and Second Reports of Liver- 
pool Compass Committee. London, 1857. 
Small folio, pp. 74, plates." 

"Third Report of- Liverpool Compass 
Committee. London, 1862. Small foL, 
pp. 131, plates; 8 shillings." 

" Practical Information on the Devia- 
tions of the Compass for the use of 
Masters and Mates of Iron Ships. By 
Thomas Towson, Esq. London : Potter, 
1863. 8vo, pp. 122; 3 shillings." 

** Paper by Edw. J. Johnson, Com- 
mander R. N., on Magnetic Experiments 
on an Iron Vessel, in Philosophical Trans. 
Part 11, 1836." 

" Papers by Geo. B. Airy, Astr. Royal 
in Phil. Trans. 1839. p. 167-213, 1856. 
Part L, p. 53-99. Athanaeum Ap., 1865." 

" Paper by Mr. Evans, R. N., in Phil. 
Trans. 1860. Part II., p. 337-378, and 
in Jour. Royal United Service Inst. 
Vol. IX., pp. 22." 
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"Papers by Evans and Smith, PbiL, 
Trans., 1861, Pt. I, p. 161-181. PhU. 
Trans. 1865, Pt. I, p. 263-:i23." 

"Report of Compass Committee in 
Report of Nat. Acad, of Scieneea to Con- 
gress for 1863." 

Magnetism of Ships and the Marin- 
ers' Compass. William Walker, Cora'd 
K. N. London, 1853. 18mo. pp. 201." 
Di-viation des Compas, E. 
l)nboi8. Paris, N. D. 18mo, pp. 56." 

" Magnetism of Ships and Deviations 
►of the Compass. A series of papers hy 
^Ta^iolle authors. Rejirinted by order of 
the Secretary of the Navy, under the 
idirection of Com. Jenkins, U, S. 2S. 
"Washmglon, 1367." 

Smithsonian Contributions, No. 289, 
Magnetic Observations on TJ.S.S. 'Mon- 
adnock,' by Prof. Wm. Harkness, U.S.N. 
■Washington, 1872. 

The principal investigators in thig 
flpecial subject have been Capt. Flinders, 
B01-1803,Dr. Scoresby, 1810, and later, 
lajor Gen. Sabine, Royal Artillery, Dr. 
Young, Mr. Barlow, Mr. Poisson, Mr. 
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Airy, Comd. Evans, Mr. Archibald 
Smith, Capt. Johnson, Mr. Rundell, Mr. 
Towson, Prof. Wm. Harkness. 

In France it does not appear to have 
attracted the attention of scientific men 
to so great an extent, and in this country 
owing to the small number of iron vessels 
bnilt before the war, it is only within 
the last few years that it has begun to 
receive the attention which its impor- 
tance demands. 

It is just now advanced to that point 
wher'e every officer commanding, or on 
board of an iron vessel, may add his 
share to perfecting the general knowl- 
edge of the subject, by well devised and 
carefully executed experiments and ob- 
servations. 
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T;RUNER The Manufecture of Steel By M. L. 
Gruner. Translated from the French, by Lenox 
Smith, with an appendix on the Bessamer process in 
the United States, by the translator. Illustrated by 
Lithographed drawings and wood cuts. 8vo, cloth.. 3 ou 

AUCHINCLOSS. Link and Valve Motions Simplified. 
Illustrated with 37 wood-cuts, and 21 lithographic 
plates, together with a Travel Scale, and numerous 
useful Tables. By W. S. Auchincloss. 8 vo, cloth.. 300 

"^■VN" BUREN. Investigations of Formulas, for the 
strength of the Iron parts of Steam Machinery. By 
J. D. Van Buren, Jr., C. E. Illustrated, Svo, cloth. 2 oc. 

J"" YNSON. Designing and Construction of Machine 

Gearing. Illustrated, Svo, cloth 2 00 

GILLMORE. Coignet Beton and other Artificial Stone. 
By Q. A. Gillmore, Major U. S. Corps Engineers. 
<y plates, views, &c. 8vo, cloth 450 

SAKLTZER. Treattse on Acoustics in connection with 
Ventilation. By Alexander Saeltzer, Architect, 
lamo, cloth • • 2 00 

BUTLER (W. F. ) Ventilation of Buildings. By W. F. 

Butler. With illustrations. i8mo, boards 50 

DICTIONARY of Manufactures, Mining, Machinery, 
and the Industrial Arts. By George Dodd. i2mo, 
doth I 50 

BOW. A Treatise on Bradng, with its application to 
Bridges and other Structures of Wood or Iron. By 
Rober) Henry Bow, G. E. 156 illustrations, Svo, 
doth •.<• z 50 

BARBA (J.) The Use of Steel for Constructive Pur- 
poses ; Method of Working, Applying, and Testing 
Flates and Brass. With a Preface by A L. Holley, 
C. £. i2mo, doth ... 150 

3 
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GILLMORE (Gen. Q. A.) Treatise on Limes, Hy^ 
draulic Cements, and Mortars. Papers on Practioil 
Engineering, U. S. Engineer Department, No. 9, ^ 
containing Reports of numerous Experiments con- 
ducted in New York City, during the years 1858 to 
1861, inclusive. By Q. A. Gillmore, Bvt. Maj.-Genu, 
U. S. A., Major, Corps of Engineers. With num- 
erous illustrations, i vol, Svo, cloth $4 00 

HARRISON. The Mechanic's Tool Book, with Prac- 
tical Rules and Suggestions for Use of Machinists, 
Iron Workers, anoTothers. By W. B. Harrison, 
associate editor of the "American Artisan." Illus- 
trated with 44 engravings. i2mo, cloth i 50 

HENRICI (Olaus). Skeleton Structures, especially in 
their application to the Building of Steel and Iron 
Bridges. By Olaus Henrici. With folding plates 
and aiagrams. i vol. Svo, doth i 50 

HEWSON ( Wm.) Principles and Practice of Embank 
ing Lands from River Floods, as applied to the Le- 
vees of the Mississippi. By William Hewson, Civil 
Engineer, i vol. Svo, cloth 2 00 

HOLLEY (A. L.) Railway Practice. American and 
European Railway Practice, in the economical Gen- 
eration of Steam, including the Materials and Con- 
struction of Coal-burning Boilers, Combustion, the 
Variable Blast, Vaporization, Circulation, Superheat- 
ing, Supplying and Heating Feed-water, etc., vrxd 
the Adaptation of Wood and Coke-burning Engines 
to Coal-burning ; and in Permanent Way, including 
Road-bed, Sleepers, Rails, Joint-fastenings, Street 
Railways, etc., etc. By Alexander L. Holley, B. P. 
With 77 lithographed plates, i vol. folio, cloth. ... 12 00 

KING (W. H.) Lessons and Practical Notes on Steam, 
the Steam Engine, Propellers, etc., etc., for Young 
Marine Engineers, Students, and others. By the 
late W. H. King, U. S. Navy. Revised by Chief 
Engineer J. W. King, U S. Navy. Nineteenth edi- 
tion, enlarged. Svo, cloth 2 00 

MINIFIE (Wm.) Mechanical iJrawing. A Text-Book 
•.^f Geometrical Drawing for the use of Mechanics ^ 

4 
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•Siix Schoola, in vfajdi the T V -*- ■tn^K aod Rriles ci 



1 



Problems are arranged, ^ixz the xaas: K^it ta ibe 
more complex, and m ibcr descrfpncc: tecfcicalhif 



6escrp6'. 
are armded as modi as possEble. Widi :J-jstra:doc3S 
for Drawn^F1axs,Sectaoc5, aad ESeraiiccs cfB^^Id- 
higs and Machinery ; an InrrocacacQ to Isanjetrio] 
Drawing and an Ess^ oo Jint^r Perspecnre ar:d 
Shadows. Dlnstraied iridi or-er 2co ciagrasts ei^ 
;paved on steeL 6t Wm. Minifie. Ardbitecx. Ninth 
edition. With an ApptoSx on the Theory and Ap- 
plication of Colon. I ToL 8to^ cioch. $4 <» 

-It Is the best wmk «b Dnvfa^ tkat ve kare er^r k«c. msd i» 
MpedAUr a text-book of GeMnetxtekl I>n«lE« tor tbe ue o' Merbmurs 
•n-l Schoda. 5o roaae Wfrtnalr. nek «i a Macbiatea, £a«iU4:r. Gab>- 
net-maker, Millwzfsht, or Caipenter, ib«cld te wixboct i:."— &antfi«r 



Geometrical 



Drawii^ Abridged from the octavo 
use of SdiooiS. Elustrated widi 4S 



edition, for the 

steel plates. Fiiih edition, i tx>L x2mo, doth.... 2 > 

STILLMAN (PauL) Steam Engine Indicator, and the 
Improved Mancmieter Steam and Vacuum Gauges-— 
their Utility and Application. By Paul Stillman. 
New edition, i voL izmo, flexible doth i oc 

SWEET (S. H.) Spanal Report on Coal ; showing its 
Distribution, Classincation, and cost delivered over 
different routes to various points in the State of New 
York, and the prindpal dties on the Atlantic Coast. 
By S. H. Sweet. With maps, i vol. 8vo, doth 3 00 

WALKER (W. H.) Screw Propulsion- Notes on 
Screw Propulsion : its Rise and History. By Capt 
W. H. Walker, U. S. Navy, i voL 8vo, doth 75 

WARD (J. H.) Steam for the Million. A popular 
Treatise on Steam and its Application to the Useful 
Arts, esfvedally to Navigation. By J. H. Wand, 
Commander U. S. Navy. New and revised edition. 
I voL 8vo, cloth I «» 

WIESBACH (Julius). A Manual of 'Theoretical Me- 
chanics. By Julius Weisbach, Ph. D. Translated 
from the fourth augmented and improved Germar 
edition, with an Introduction to the Calculus, by Eck- 
ley B. Coxe, A. M., Mining Engineer. 1,100 pages, 
and 90a wood-cut iUustrations. 8vo, doth 10 ow 

5 



D. YAH KO«IIU2n>'8 PUBIACATION8. 

DISC RICH. The Theory of Strains, a Compendiair 
for the calculation and construction of Bridges, K00&, 
and Cranes, with the application of Trigonometrical 
Notes, containing the most comprehensire informa- 
tion in regvd to the Resulting strains for a perman- 
ent Load as also f<»- a combined (Permanent and 
Rolling) I.4»ad In two sections, adadted to the re- 
■uirements of the present time. By John Diedridi. 
0. £. Illustrated by numerous plates and diagrams^ 
8vo, dolb • ••••••••• 51 

WILLIAMSON (R. S.) On the use of the Barometer on 
Survevs and Reconnoissances. Part I. Meteorolc^ 
in its Connection with Hypsometry. Part IL Baro- 
metric Hypsometry. By R. S. Wiliamson, Bvt 
Lieut -Col. U. S. A., Major Corps of Engineers. 
With Illustrative Tables and Engravings. Paper 
No. IS, Professional Papers, Corps of Engineers. 
I voL 4to, cloth 15 

POOK (S. M.) Method of Comparing the Lines and 
Draughting Vessels Propelled by Sail or Steam. 
Including a chapter on Laying off on the Mould- 
Loft Floor. By Samuel M. Pook, Naval Construc- 
tor. I vol. 8vo, with illustrations, cloth 5 

ALEXANDER (J. H.) Universal Dictionary of 
Weights and Pleasures, Ancient and Modem, re- 
duced to the standards of the United States of Ame- 
rica. By J. H. Alexander. New edition, enlarged. 
I vol. 8vo, cloth 3 

WANKLYN. A Practical Treatise on the Examination 
of Milk, and its Derivatives, Cream, Butter and 
Cheese. By J. Alfred Wanklyn, M. R. C. S., lamc 
cloth • t 

RICHARDS* INDICATOR. A Treatise on the Rich 
ards Steam Engine Indicator, with an Appendix by 
^. W. Bacon, M. E. i8mo, flexible, cloth i 

PORTER (C.T.) A Treatise on the Richards Steam 
Engine Indicator, and the Development and Applica- 
tion of Force in the Steam Engine. By Charles T. 
Porter. Third edition, revised and enlarged. Svo, 
illustrated, cloth 3 

J«» u UNI »^-.». —wv»« ■«»;. c .l^ 
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OPE. Modern Practice of the Electric Telenraph. A 
Hand Book for Electricians and operators. By Frank 
L. Pope. Ninth edition, revised and enlarged, and 
fidly iUiutrated. 8yo» cloth $3 oo 

•* There it no otlMr work of tbit kind in th« English Un^nftice that con- 
•Ins in M small a oompMi ao mach practical inf<innation in the appli>- 
'Mtion of galvanic alactriclty to tsle^raphy. It ahnald be in the hmidi of 
e vary ona Intaraatad in talagrapby, or tb« om of Battariea for other par- 
poaet.'' 

BASSIE (P. B.) Wood and its Uses. A Hand Book 
for the use of Contractors, Builders, Architects, En- 
gineers, and Timber Merchants. By P. B. Eassie. 
Upwards of 350 illustrations. 8vo, doth i 50 

SABINE. History and Progress of the RIectric Tele- 
graph, with descriptions of some of the apparatus. 
By Robert Sabine, C E. Second edition, with ad- 
ditions, lamo, cloth • i 2$ 

BUkKE. Ceramic Art A Report on Pottery, Porce- 
lain, Tiles, Terra Cotta and Brick. By W. P. Blake. 
U. S. Commissioner, Vienna Exhibition, 1873. 8vo, 
cloth 3 00 

BENET. Electro- Ballistic Machines, and the Schultz 
Chronoscope. By Lieut -Col. 8. V. Benet, Captain 
of Ordnance, U- S. Army. Illustrated, second edi- 
tion, 4to, cloth 3 00 

MICHAELIS. The Le Boulenge Chronograph, with 
three Lith(^raph folding plates of illustrations. By 
Brevet Captain O. E. Michaelis, First Lieutenant 
Ordnance Corps, U. S. Army, 4to, cloth 3 00 

ENGINEERING FACTS AND FIGURES An 

^nnual Register of Progress in Mechanical Engineer- 

fg and Construction, for the years 1863, 6^, 65, 66. 

1^, 68. Fully illustrated, 6 vols. i8mo, cloth, $3.50 

(»er voU, each volume sold separately 

HAMILTON. Useful Information for Railway Men- 
Compiled by W. G> Hamilton, Engineer. Sixth edi- 
tion, revised and enlarged, 563 pages Pocket form. 
Morocco, gilt s ot' 

STUART (B.) How to Become a Successful Engineer. 
Being Hints to Youths intending to adopt the Pro- 
fession. Sixth edition, izmo, boards 59 

7 
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STUART. The Civil and Military Eogineen of Amer 
ica. By Gen. C. B. Stuart ^th 9 finely executwu 
portraiu of eminent engineers, and illustrated by 
engraving of some of the most important works con- 
structed in America. 8vo, doth. $5 00 

STONEY. The Theorv of Strains in Girders and simi- 
lar structures, with observations on the application of 
Theory to Practice, and Tables of Strength and other 
properties of Materials. By Bindon R Stoney, B. A. 
New and revised edition, enlarged, with numerous 
engravings on wood, by Oldham. Royal Svo^ 664 
pages. Complete in one volume. 8vo, cloth xa 50 

SHREVE. A Treatise on the Strength of Bridges and 
Roofe. Comprising the determinaticm of A&ebraic 
formulas for strains in Horizontal, Inclined or Kafter, 
Triangular, Bowstring, Lenticular and other Trusses, 
from fixed and .noving loads, with practical applica- 
tions and examples, for the use of Students and engi- 
neers. By Samuel H. Shreve, A. M. , Civil Engineer. 
87 wood-cut illustrations, ad edition. 8vo, cloth. . . 5 00 

MERRILL. Iron Truss Bridges for Railroads. The 
method of calculating strains in Trusses, with a care- 
ful comparison of the most prominent Trusses, in 
reference to economy in combination, etc., etc By 
Brevet Col. William E. Merrill, U S. A., Major 
Corps of Engineers, with nine lithographed plates of 
Illustrations. 4to, cloth 5 00 

WHIPPLE. An Elementary and Practical Treatise on 
Bridge Building. An enlarged and improved edition 
of the author's original work. By S. Whipple, C E., 
inventor of the Whipple Bridges, &c Illustrated 
8vo, cloth 4 c» 

THE KANSAS CITY BRIDGE. With an account 
of the Regimen of the Missoim River, and a descrip- 
tion of the methods used for Founding in that River. 
By O. Chanute, Chief Engineer, and George Morri- 
son, Assistant Engineer. Illustrated with five litho- 
graphic views and twelve plates of plans. 4to, cloth, 600 

DUBOIS (A. J.) The New Method of Graphical Statics. 
By A. J. Dubois, C E., Ph. D. With 60 illustra- 
tions. 8vo, cloth a 00 

8 
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tf AC CORD. A Practical Treatise on the Slide Valve 
bv Eccentrics, examining by methods the action of the 
Eccentric upon the Slide Valve, and explaining the 
Practical processes of laying out the movements, 
adapting the valve for its various duties in the steam 
engine. For the use of Engineers, Draughtsmen* 
Machinists, and Students of Valve Motions in gene- 
ral. By C. W. Mac Cord, A. M. , Professor of Me- 
chanical Drawing, Stevens' Institute of Technology, 
Hoboken, N. J. Illustrated by 8 full page copper- 
plates. 4to, cloth $3 oo 

KIRKWOOD. Report on the Filtration of River 
Waters, for the supply of cities, as practised in 
Eiurope, made to the Board of Water Commissioners 
of the City of St Louis. By James P. Kirkwood. 
Illustrated by 30 double plate engravings. 4to, cloth, 15 00 

PLATTNER. Manual of Qualitative and Quantitative 
Analysis with the Blow Tipe. From the last German 
edition, revised and enlarged. By Prof. Th. Richter, 
of the Royal Saxon Mining Academy. Translated 
by Prof H. B. Cornwall, Assistant in the Columbia 
School of Mines, New York assisted by John H. 
Caswell. Illustrated with 87 wood cuts* and one 
lithographic plate. Third edition, revised, 560 pages, 
8vo, cloth. Price reduced 5 00 

PLYMPTON. The Blow Pipe. A Guide to its Use 
in the Determination of Salts and Minerals. Com- 
piled from various sources, by George W. Plympton, 
C E. A. M., Professor of Physical Science in the 
Polytechnic Institute, Brooklyn, New York, lamo, 
cloth '» I 50 

PYNCHON. Introduction to Chemical Physics, desir- 
ed for the use of Academies, Colleges and High 
Schools. Illustrated with numerous engravings, and 
containing copious experiments with directions for 

Preparing them. By Thomas Ruggles Pynchon, 
[. A., Professor of Chemistry and the Natural Sci- 
ences. Trinity College, Hartford New edition, re- 
dsed and enlarged and illustrated by 269 illustrations 
Miwood. Crown, 8vo. doth 3 •& 
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Qiuliudve Cheinkil Analyiit. By Charles W. 
Eliot iind Fiank K. Suaa. Ktviud mlh the Co-,, 

Pnfeaor of ChemiilrY in the HuiachuHtla 1 
lulE a( TEchaology fUuiOatcd, lanui^ doth. ■ . 



d Aiulysu. npBciAlLr of 

SvoldMh..!^. 

DOUGLASS aod FRESCOTT. Qualiuiin dhendeal 
AnilyBii, A Guide io the Pucucal Siudr al Chim- 
iniy, and in llw Woik of Aulnis. By S. H. Ihni- 
lau and A. B. Prcscmt, of ibe Uninnily of UicS- 
gm. Ncn iditioD. Svo-dolh ' 

JACOIS. On (he Duiening and CininniclioB of Slangs 
Ktservc^rs, with TabLu and Wood i^uu TEproeniiiir 
ScclllKU, &c., .Snio, board. ...TIT 

WAIT'S Dinionaiy of (Jhomistry N™ and Reriiad 
edition coijiplelE in 6 vols, 8vo dolli, tSi-oo- Soi*- 
plemeotuy vsluins sold Kparaiely. Price, dodi. — 

RANDALL. Quartt OperalMi Hind-Book. ByP.U 
Rsodall. Kek iditiDn. niwd and enlaised. folly 



tiooi wnelLingi and parlitie of Ihc Frticions onti wlcli 
a comprahansivi Digegl of Ibe Uidoe Laws. &sall^ 
augmented, reriaed aod corrected. By Juliui SUtst- 
iBulb. Foiulh edition. Profusely illuntaled. mni:^ 

■HE USEFUL METALS AND THEIR ALLOYS. 
including Mining VeoIilaiioD. MininE Jutitprudaie^. 
and MEiallurgic Chemiairy employed in Ibe amvel- 
aioD of Iron, Copper, Tin, Zioc. Antiniony and Lead 



Vf Scofirea. Train, Clay. Oilai 
Mbera. Fimt oditioa, half calf-.. 



D, VAN Ke^STRAND S PUBLICATIONS. 

JOYNSON. The Metals used m construction, Iron, 
Steel, Bessemer Metal, etc., etc By F. H. Jojrnsotw 
Illustrated, z2mo, cloth to 75 

VON COTl'A. Treatise on Ore Deposits. By Bom- 
hard Von Cotta, Professor of Geology in the Royal 
School of Mines, Freidberg, Saxony. Translated 
from the second German edition, by Frederick 
Prime, Jr., Mining Engineer, and revised by the au- 
thor, with numerous illustrations. 8vo, cloth....... 40a 

GREENE. Graphical Method for the Analysis of Bridge 
Trusses, extended to continuous Girders and Draw 
Spans. By C. K. Greene, A. M,, Prof, of Civil Engi- 
neering, University of Michigan. Illustrated by 3 
iblding plates, 8vo, cloth a 00 

BELL. Chemical Phenomena of Iron Smelting. An 
experimental and practical examination of the cir- 
cumstances which aetermine the capacity of the Blast 
Furnace, The Temperature of the air, and the 
proper condition of the Materials to be operated 
upon. By 1. Lowthian Bell. 8vo, cloth 600 

ROGERS. The Geology of Pennsylvania. A Govern- 
ment survey, with a general view of the Geol«)gy of 
the United States, Essays on the Coal Formation and 
its Fossils, and a description of the Coal Fields of 
North America and Great Britain. By Henry Dar- 
win Rogers, late State Geologist of Pennsylvania, 
Splendidly illustrated with Plates and Engravings in 
the text. 3 vols., 4to, cloth, with Portfohoof Mjips. 30 00 

BURGH. Modern Marine Engineering, ^ applied to 
Paddle and Screw Propulsion. Consistmg of 36 
:olored plates, 259 Practical Wood Cut Illustrations, 
and 403 pa^es ol descriptive matter, the whole being 
an exposition of the present practice of James 
Watt & Co., T. & G. Rennie, R. Napier & Sons, 
and other celebrated firms, by N. P Burgh, Engi- 
neer, thick 4to, vol., doth, $25.00; half mor. 30 o« 

CHURCH. Notes of a Metallurgical Journey in Europe. 

By J. A. Church, Engineer of Mines, Svo, cloth.. ... 3 00 
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B PCBU CATIONS. 

BOtTRNB. TreaiiK OB Iht SUUD Engine in ill Tuioua 
yi^iouODS ID MlnM, MUli. Sinm N>Tigat5«i, 

•aDBiiDni napening Uii MoiivoPowM-of Him. 
md the proper pioponioiiio(8Xtannngin««. Elibo- 
nie nblit of the nghl dimcnsiani of imy put, and 
Pnerial Inunictiaiu fur the mauD&diirr mi nuB- 
snisegl o( erery iped« of Eniios in actuil ihe. 
i6 John Bounie, being ih= ninth edition of "A 
TreatkK on Ihe Steam Enfioe/' by the *'Atti^ut 
Quh." IllMtrated by 38 plaTei and h^ m»d coll. 
410, doih ! 

STUART. The Ni«l Dry rockf of ihe Uoiled 
Slilei. By Charln fi. Stmrl lite Engineer-hi-(Jbief 
of Ihe D. S. Navy, llluBtnled wiLh 34 ■ngnvingA 
on iietl. Fonnh edidon, doth 1 

ATKINSON. Pratlial I'reatitu on the Guh met 
wilh in Co^ Uinen. iHmo, bcurdi .._.,..... 

FOSTER. Submarine Blasline in BosRn Hirhor, 
MuHehuieiiL KemoiBl nf Tonet ind UonriB 
Rocki. By J. G. Fotier, Lieut-Col. oCSngiDHI^ 
U. S. Army. UliiMnud with uvec piaie^ 41^ 

BARNES SubmaiiBO WvGue, oflensye and defenuyc, 

ineiudinE a diicuuiun uf Ihe oflenrive Torpedo Sn- 
um. iu e9«u upon Iran L'bd Ship Syiiems and |ii- 
Suence upon AilLte naial wati. By Ueu<.-Cius- 
raanderj. S. Barnes, U. S. N.. mlh t«enlyliU10- 

HOLLKV. A Treaii.e on. Ordnance and Aimor, en>- 

qiurementa, cip^bihliea, and endiuance of Edtohui 
and Amirican Guni,lbr Naval, Sea Coai^ aod Iniil 
Clad Warl'jie, and Iheir Rifling, Projecfiles, and 
Hreech-LmdinEp aien, rcEnltB ofeiperiineiili afUDfl 
armoi'. frcm ofneia) recordt, vriih an ippandlt teler 
ring 10 GuB Conon, HDoped Gun>, etc. etc. flj 
Alcnndec L. Uoliey, B. P., 943 pagu, 401 mfftr- 
I n,asd 147 Tablet of Rmlu. etc. 8*1^ half roui 
13 
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sums. A TnBiic si Ibc PitBcqila ud Pnaicc <ri 
LrvdAK Bbmvw iix mdiaJiim to F^i»«a of 
RaihnrBiVtntcnEcaDdtheCoaMnMiDaofRiiaih, 
Ac ^FndsidiW. SniH. C K. Frviitbcidi 
London e^Dcs, Tcncd nd cWRcnd, Hh Ihe lA- 

DOBOf Mr. L»i- — - - -■ — '- ' ■— 

ont Railnj Cv 
gnpEuc pJaU uii 

BURT Kit u t>K 

Canpaoioq ; compriHiiff all the role* oeceHu^ftv 
^K inlbft field; ilsadacnpdon of Ihc Linear Sdt- 
>eys lod PsUic Land E^icm of the ITuud Sals. 
NoUi en the Bmaeter. tnggtstkni ior an omSl fiir 
■ HnBroffiiiiriiwnIln,Elc By W. A. Burt. U- & 
Dcfniy Smeyar. Beand ediDon. PodLci took 

TBK PLANE TABLE. Itt ni« in Topognplnal 
Sumriiig, from [he Plpcn of the U- & CmB bar* 
TCf. lUutrated. Sto, cIdUi 

JEFFER'S. Naulicil SBrreriBg. Bj W. M. JcAn, 
Captain U. 9- Ndvy. lilnctrUed widi g copperpllRs 
and 3i wood col fflnalTilioiil. Svo.dolli. 

CHAUVENET. Newnelhodof coirecHnK Lunar Dii- 
lances, and improved method of Fmdifie the trror 
and rale of a chronomewr, hr eqnjii alntodes. By 
W.Chaavenel,LL.D. 8™, clolh 

BRUNNOW, Spherical Arfrooomy. By F. Branoow, 
Ph- Dr. TraoAlaicd hj Ihe aothor Jrom the second 

PEIRCE System of Analytic Kechanks. Br tleii- 
jsmin Peirci. 4I0, dolh. 

ODFFIN. Nivigadon and Nliitical Aatronomy. Pre- 
pirtd for the uie of the V. S. Nanl Acmdemy. By 1 
Prof. J. H. C. CoSn. Fifth editJon, ja wood cut Olm- 

HOBLE (W. H.) Useful TablM. Canpiled by W. H. 
Noble, M. A., Captain Royal Artillery. Pocket 

18 



CLARK. 'nnfcMiiKair^tiHMiKiMalAanr 

3ttT Li>K !«-» 1*mk, V.S.K Diwuiaa 
MBoadaai. •n.iiiA 4j 

HA.SKIM& TWGatnx—HimliBlHs: AM»- 

■f} far IBnuiLiiiii wd SwJrH* BjC- H. Hw- 

Br Ellxxid iana, C E. f 



BECKWITH. _ 

HinufaOKi* ofTem.CoiB, Suite Wire, Tn Britk, 
PoTUlaiD lad Kn^uticTBo, ktibreovla ab the 
prcdlKU eiltutmed a1 Ihe Londoii InlE-iudoTuI CxId- 
biUDii, 1R71. »f .inhDT Bcdcwnh. C. E. Sn, 

MORFIT. AFracIiolTnatUeanPaRFcreUuniUl 
ilTerhenucaluntvcriipDOfRodGiunD, HarlMOBq, 
Cojirolila End Ilie Crude Pbospliala of lime and 

By Cam^MU Horfi'!, M.D., with iS Olutriidic pUle% 

HAKMARD. Tne Metric Stem oT Weightt ud 
Miuiirei. An addren delivered before ifaecnnna- 
lion c( It* Uniserritf of IhE Suts of Ne» York, tl 
AlUuy, AunuLigii. By F. A P. Barnard, LL.D., 
I'mideni nf C^iunbia CnUege. Mn. Vnik. SmodJ 
edilion from Iht reviKd edilioo, printed tor IbeTms- 
IH> cf Calumlnii College. Tiaied piper, Sro, eJotk 1 
I Dennrl on Michinery and Pioceuee on ihe la- 

By t'. A. I', tlnrnird, LL.D. Paris UniTcnal Ep 

l»itiliuii, iSd;. llluilraled, 8ve,cIolh. | 

ALLAN. TlieoryofArche.. By Prot W. Allan, for- 

[nerlrofW»liintion& Lee Unlveruty, iSma.b'rdi 

ALLAN (I'tnr W.) SlreBBlh of Beamj ondEr Trmj. 

v.ne Loidi. »y Prof. V. Allan, auihor of " Theory 
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MOTT (H. A., Jr.) The Chemist*' Manual. A Prac- 
tical Treatise on Chemistry, Qualitative and Quanti- 
tative Analysis, StoichiometrY, Blow Pipe Analysis, 
Mineralogy, Assaying, Toxicology, etc., etc By 
Henry A. Mott, Jr., £. M., Ph. D. 8vo, doth. .... 6 oo 

WILLIAMSON. Practical Tables in Meteorology and 
Hypsometry, in connection with the use of the Bar- 
ometer. By Col R. S. Williamson, U. S. A. 4to, 
doth 2 50 

CLEVENGER. A Treatise on the Method of Govern- 
ment Surveying, as prescribed by the U. S. Congress 
and Commissioner of the General Land Office, with 
complete Mathematical, Astronomical and Practical 
Instructions for the Use of the United States Sur- 
veyors in the Field. By S. R. Clevenger, Pocket 
Book Form, Morocco a 50 

FANNING. Water Supply Bngineering. A Treatise 
on the Theory and Practice of Gathering and Storing 
Water for Power and Domestic U*e, Clarification of 
Water in Pipes and Canals. Raising of Water by 
Power, and on the Practical Construction of Reser- 
voir Weirs. Dams, and Pipe Systems. By J. T. 
Fanning, C. E. With 150 illustrations. Svo, cloth. 
In. press. 

HUNT. Designs for the Gateways of the Southern En- 
trances to the Central Park. By Richard M. Hunt. 
With a description of the designs. 4to. cloth 5 00 

LAZELLE. One Law in Nature. By Capt. H. M. 
Lazelle, U. S. A. A new Corpuscular Theory, com- 
prehending Unity of Force, Identity of Matter, and 
Its Multiple Atom Constitution, applied to the Phy^- 
cal Affections or Modes of Energy, xamo, doth. . • 2 50 

CORFIELD. Water and Water Supply. By W. H 
Corfield, M. A. M, D., Professor of Hygiene and 
Public Health at University College. London. i8mo, 
x>nrds 5c 

ROWAN on Boiler Incrustation and Corrosion. By F. 

J.Rowan. z8mo, boards ....••. 50 
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obloas Svo, 11 full paieiUustratidDS, cloth. 
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BEHRV. Mi£lary Record of ClvHian AppoinlmeDta hi 
the United Sl5t« Ariuy. By Guy V. Henry, Broret 
Colonel aod Captain /ir^I United Statei Artillery, 
Late Colonel and Breiet Brigadier GenenU, nnited 
States Volmteeti VoL . now ready. Vol a is 
preaL Svo, per volume, cloth.----.*,-,., •>-..,.* 
HAMERSLY. Reoirde of Uving Officen oftlieU. 
S. Navy and Mirine Corps. Compiled Aoin ofEdal 
sources. By Lewis B, Hsmenly, late Lieuienul 
U- S. liarine Doips, Revised ediuon, Svo, clMli. . , 
. CiTd, MSlibUT 
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XlcNST, HuiuilofFncIic)lUUiiary£iiginEerini.Pn 
pindfof ItaguKDflheCadEUoi^lh^.a MTliDirT 
Acidemj. and ft* Eii«n«r Troopi. Vy C»pL O. tt 
Emit, Corp> oC Enginun, InUmclor in rnoieal 
miiaiy Efi^neerinf, U. Sr Hiliury AocUinj. 191 
wood cutiind jlilhographed pblo. imia, doth., j 

BUTLER. Projeclilei and Rifled Cannon. A Critiail 
Oiicuwon cf the Fnncipal Bytienu of RMiogiuid- 
Prcjcclilei. wilh Praclkal Suggeitioiir for ^. 'ir Im- 
praveimf ntj u cmbnKeei in a Kepon to the Uiief of 
Ordnance, U. a A. By CapL John S.BuUer, Old- 
nance Corpt, U. 8. A. 36 p^to, 110, cloth T 

dLAKE, Ripml DpoD the Fieciau: Melali ; Bda( Sla- ' 
tiitical Moticei of the principal Gold and Silver pro- 
dudng region! of the WorM. Kepre^nled at ibe 
PaHilJnlviiml Eip«iIion. By William P. Blake, 
CummUaiimer bomlhsatilEofCiIifoinia. gnhdolh ■ 

TONER. DidiiHiaty orEIevalioniuidClimadcRegia- 
lerofthe United Stales. Contuniog in addition to 

and Ihc total Annual Kaiit fall of many ItcaUliui wiA 
abr^ef inlrDdudion on the Oroeraphic and I'hyvca] 

UOWBRAV. Tri-Nitro Glvccrine, u applied in the 
HooHC Tunnel, and to Suboianne Blasting Torpe- 
doca, Quairyint etc Being the result of gk year's 
obaervatioo and practice during the manufacture of 
five hundred thousand pounds of this eipkniie Mica. 

nrinua Systemi of Dialling by Electridni Primina 
Compounds, Explosives, etc., etc. By Gtorae MI 
HowWay. Operative Cliemial. ivith Ifalrteen Uhutra- 
IkrDi, ublei and appendia. Third Ediuni. Ke- 

wnOcD. Kvo.cloIh 3 1 

WBTRACCH. Strength ind Cslculstloos et Vi- 
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